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LM741 Operational Amplifier 


General Description 


The LM741 series are general purpose operational amplifi- 
ors vrhich feature improved performance over industry stan- 
dards lite the LM709. They are direct, Plug-in reptacements 
tor the 708C, LM201, MC1439 and 748 in most applications. 
The amplifiors offer many featur.. vhich maxe their appli- 
cation nearty fooiproof: overtoad protection on the input and 
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output, no latch-up ven the common mode range is ex- 
ceeded, as vrell as fregdom from oscillations. 

The LM741C/LM741E are identical to tho LM741/LM741A 
except that the LM741C/LM741E have their performance 
guaranteed over a 0'C to 470'C temperature range, in- 
stead ot —S5'C to 4 125'C. 


Schematic Diagram 


Electrical Characteristics nes 
is A 


Qi 


v 
TU/A/9941-4 


T/H/9941-2 


Order Number LM741H, LM741M/883", LA741AH/693 
LM741CH Or LT EH 
Seo NS Paciage Number H09C 


DuaHin-Llne or 9.0. Pactago 


OFFSET NULL 


TL/M/9941-3 


Order Number LM741J, LM7419/983, LM741CJ, 


LM741CM4, LM741CN 0r LM741EN 


900 NS Paciago Numbor J09A, MOSA or NOGE 


Olfoet Nuliing Circuit 


QUIPUT 


ve 


Pramatèr Coriditòns: LMA7ATA/LM761E 14741 LM741C Units 
L Min j Typ L Max LMin j Typ ) Max) Mn Í Typ Cl È 
Input Offset Voltage Ei Ta 8 25'C I 1 
Rs s 1040 10) 50 20) 60) mv 
Rs s 50n 0.8) 30 my 
el 
TAMIN S TA S TAMAX 
Rs £ 50n 40 I my 
Rg 5 104N i 3 so) i som, 
Average Input Oftset i 
15 pV/C 
caga em lta T C. Vi za 
Input Offset Voltago A 5 25'C,Vg — £20V 
Adjustment Range 410 415 415 mV 
Input Offset Current La masc 30) 30 20 l 200 20 l 200) mA 
TAMIN,S.TA S TAMAX Ch Je 20: 85 Í 500 300 Í na 
Average Input Oftset 4 
Current Drift 05 mare 
Input Bias Current TA — 25'C 30 1 80 80 J 500 80 J s00j ma 
TAMIN S TA 5 TAMAX 0.210 les 08 
Input Resistance Ta 2 25'C.Vg - 120V J 10 (80 03 20 03) 20 
TAMIN S TA 5 TAMAX. 05 1 Mn 
LVss 220V 3 d 
Input Voltage Range TA — 25'C le12) z13 i I En 
TAMIN S TA S TAMAX 112) 213 l L 
Large Signal Voltage Gain ( Ta — 25C, Ri 2 24N T l 
Vs — £20V.VQ — 415Vl 50 Vrmy 
LVs 7 £15V,Vo — £10V 50 j 200 1.20 J 200 Vimy, 
TAMIN S TA S TAMAX. T 
AL 2 21N, 
Vs € £20V,Vo - £15V 32 Viry 
Vs 3 £15V,Vo — £10V 25 15 Veny 
Vg z £5V.Vg 2 t2V l 10 Vrmy 
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nics Characteristics (Note 3) tContinvod) 


Es 
Li 
ter G é 1 LMTa1A/LM741E LM741 LM741C 
Min I Typ Max j un Typ J Max j Min al Iye, Max I 
zuput Voltege Svring Vg 2 £20V À 
Ap 2 104 116 v 
Ceramic Dualin-Line 
AL 2 24 lits l l v era) m9 Paclaya 
els L 
Vg s 115V I 
Ri 2 1ORAL 212J 414 st2l 414 v 
AL 22N 410 413 10) 213 v 
dl Ti a 
Xtput Short Circuit li Ta 5 25'C 10 (25 j 35 1 25 25 mA 
zoment TAMIN £ TA S TAMAX 10 40 l lis Ll mA 
Jommon-Mode TAMIN S TA S TAMAX T T 1 
 Aapction Ratio Rs 5 1ORf, Voy 7 £12V 70 J 90 70 l 90 d8 
Rg 5 501,Vc,, € £12V J 80 j 95 d ha I dB 
Sony Voltaga Rejoction Í TAMIN $ TA S TAMAX: an I TL/M4/9941-5. 
agto Vg 3 120VtoVs — £5V Order Number LM741J-14/883", L.4741A4-14/983'" 
As 5 50N 86 J 96 d8 Seo NS Pactago Number J14A 
Ag 8 10 77 1 96 La os P d8 
f is TS Gal TT T i "also available por IM38510/10101 
"ansignt Response Ta 5 25'C, Unity Gain XI 
fus G2sl Ga da 03 je alto avaltable per JM3B510/10102 
Overshoot pl Loli Lsj. 158 Ls 
Jandvridih (Note 4) Ta 5 25'C 0. 437) 15 MHz 
3 His —t 
Sou Rate Tp 2 25'C,UniyGaim — J 08 j 07 05 05 1 Vius 
mamren dij 
3 - 25" 17 (28 17) 28) mA 
Suppty Current Ta 5 25'C 1 I Ll 2 I fic 
Janer Consumption LM741VV eL — va 
80 (150 my EA our 
50 85 50 85 (mv 
- l peses Les qoe —OFESET NULL 
IMTATA 
165 my TL/H/Q3A 1-4 
- 1981. LL H I my Ordor Number LM7411V/083 
IMTATE T 1 1 See NS Paciage Numbor VIA 
150 my - E 
A MA DA i A a pel 
LM741 Vg € £15V ds 
TA 5 TAMIN 60 Jj 100 myy 
CL TAS TAMAÉ dol. 45 175 my 
Lots T For operat al sioutad tomparatues, thass dovices must bo derated basad on normal rosistanco, and T, max. (sted undor "Absolute Madmum 
Rnonga"). T, — Ta t (8a Pol 
Terme Reotatanca— L Cedeti J. DP) vos T. 80:014) 
44 (uncton to Ambrent) RI oc lo mocm $o 19s'enY 
25 JO NA 


0ç LJunction to Cese) 


Vota 1: For suppiy voltages los than 4 18V, ho ofuto maxmum imput voltege ia equal to iha tuppiy voltego 


Nota 3: Uniesa ofensa 
specíicationa evo mitad to O'C 


ihaso spocíficationa 8ppy for Vg —. 1 15V. 
sas pe Are. 


Nota 4: Calculated value from: BY (MH2) 7. 0.35/R120 Timotjs). 
Nota 8: For miltary specifications sea RETS741X tor LM741 and RETS741AX for LMT41A. 
Note 6: Human body model, 1.5 HL in serios vith 100 pF. 


Absolute Maximum Ratings 


it Military/Aerospace specified devices are required, please contact 


Distributors for 8 


ability and specificatione. 


SB'C Ta 4 4 125'C (LMTAT/LMTALA). For tho LM7ATC/UMIATE, nosa 


the National Semiconductor Sales Oftice/ 


(Note 5) 
LM741A LM741E LM741 LM741C 
Supply Voltage 422V 429V 422V £18V 
Pover Dissipation (Note 1) 500 mVV 500 mVY 500 mVy 500 myy 
Difterential Input Voltage 1 30V 430V £30V 1 30V 
Input Voltage (Note 2) 415V 415V 415V 415V 
Output Short Circuit Duration Continuous Continuous Continuous Continvous 
Operating Temperature Range —58'G to t 125'C O'C to 4t 70'C —55"C to 4 125'C Q'Cto 4 70€ 
Storage Temperature Range —85'C to t 150'C —65"C to Y 150'C —65'C to t 150'C —865'C to t 150'C 
Junetion Temperature 150'C 100'C 150'C 1001C 
Soldering Information 
N-Paclrage (10 seconds) 260C 260'C 260'C 260'C 
J- or H.Pacage (10 seconds) 300'C 300'C 300'C 300'C 
M-Pacrage 
Vapor Phase (60 seconds) 215'C 215'C 215'C 215'C 
Infrared (15 seconds) 215'C 215C 215'C 215'C 
See AN-450 "Surface Mounting Methods and Their Eflect on Product Reliability" for other mathods ot soldering 
surface mount devices. 
ESD Tolerance (Note 6) 400V 400V 400V 400V 
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Dual Operational Amplifier 


General Description Features 

The LM747 is a general purpose dual operational amplifier. 8 No frequency compensation required 

The tvro amplifigrs share a common bias netvort and povrer — 8 Short-cireuit protection 

suppiy leads. Othervise, their operation is completely inde--— m VVide common-mode and differontial voltago ranges 
pendent. m Lov pover consumption 

Additional features of the LM747 are: no latch-up ven in--— m No latch-up 

put common moda range is exceeded, (reedom from oscilla--— m Balenced offest null 

tions, and paciage flexibility. 

The LM747C/LM747E is identical to the LM747/LM747A ti Í 
except that the LM747C/LM747E has its specifications Na ona 
guaranteed over the tomperature range from 0'C to 4 70'C Semiconductor 
instead ot —SS'C to 4 125'C. - rere a mira a A 


Connection Diagrams 


Motal Can Pacxage 
ies 

y INVERTING INPUT A 
da de uror a NON-INVERTING INPUT A 
vat ve OFFSES MULL A 
FR 
INVERTING. INVERTING OFFSET NULL 8: 
Gala MeuLe, NONeINVERTING INPUT 9 
NON-iNVERTING (3) NONINVERTNG INVERTINS INPUT 8 


MNPUT A MPUT B 
v T0P VIEV 
TOP VIEN TUM/1479-5 
99048 Ordor Numbor L9747J, LM747AJ, 
Order Number LM747H, LM747AH or L34747CH LM74TCJ or LM747EJ 
Ll See NS Paciago Number M10C Se0 NS Pacrego Numbor J14A 
Ordor Number LM747CN or LM747EN 

S00 NS Pectaga Number N14A 


"VA and V't B ere internalty connected, 


"Electrical Characteristics (otea) 


Paramater Gonditions Units 
Min Typ Max j Mn —'Typ 
fèput Ofiset Voltage  J Ta s 25'C 
El Rs s 104N 10 
Rs s 50N 08 — 30 
Ag s 50N 40 
Rs s 1040 
Average Input Ofiset r 15 
Voltage Drift 
Input Ofiset Voltageo.  j TA — 25'C, Vg — i 20V z10 415 
Adjustment Range El 
input Oftset Current TA € 25'C 30 30 20 
70 Ii 65 
Average Input Ofiset os 
Current Drift i 
Input Bias Current EA s 25'C 30 80 80 
TAMIN S TA S TAMAX 0.210 
input Resistance Ta 5 25'C, Vg 5 £20V 10 6.0 0.3 20 
Vs - £20V 05 L 
Input Voltage Range. J Ta — 25'C 
112 213 112 113 
El Es ls 
Large Signal TA S 25C, AL 2 240 
Voltage Gain Vs 5 £20V,VQ 3 £15V 50 Vimy 
Vs € £15V,VQ — HI 
s 0 ov 50 — 200 20 200 Vimy 
AL 2 240 l nn 
Vs 5 £20V,Vg — 215V l 32 V/ny 
Ves 415V,Vo 2 £10V 25 15 V/my 
Es s 45V,Vg 2 22V 10 1 V/my 
Qutput Voltage Sving I Vs — £20V 
Ai 2 104 416 
AL 2 2a 415 y 
Vg z 415V 
Ri, 2 104N 112 414 112 414 v 
Ri 22h 410 213 410 413 
Output Short Ta 5 25'C 10 25 35 25 25 A 
Circuit Current 10 40 - 
Common-Mode Bs S 1ORN, Voy € £12V 0 90 0 90 
Rejection Ratio Rs S SORN, Vop - £12V I 80 — 95 
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Electrical Characteristics (Note 3) (Continueu) 


LM747A/LM: 
Parameter Conditions 
Min — Typ Max 
sopy Voltage Vs — 120VloVs s t5V 
zeection Ratio Rs s 50 80 96 
Rs s 1040 nm 98 
L ei 
"ansient Response Ta 5. 25'C, Unity Gain 
ase Time 0.25. — 08 
Overshoot 6.0 20 
sundvidih (Note 4) Ta 5 25'C 0.437 15 
ZenRate TA 2 28'C.UniyGan — J 08 07 
suppty Current/Amp TA 7 25'C 25 
2quver Congumption/Amp J Ta £ 25'C 
Vg 7 £20V 80 — 150 
Vg 415V 
MATA Vg a £20V 
TA 3 TAMIN 165 
I TAS TAMAX 195 
IM7ATE Vg m £20V 150 
TA " TAMIN 150 
TA 5 TAMAX 150 
UM747 Vg 2 415V 
TA " TAMIN 
TA 7 TAMAX 


Nota 1: Tha maximum junetjon temparature ot tha LM747/LM747A ia 150'C. vio that ot ha LM747C/LM74TE i8 100/C, For operating at otevated temporatures, 
teves in ih9 TO-6 pachago muat bo dorated based on a Ihermal resistenca ot 150'C/VV, junction to ambient, or 485"C/VY, junction to caso, Tho Moral resistance 
x ho dualan-ins pachego ia 100'C/VY, junction to embient. 


oto 2: For suppiy voltages loss (han t 15V, to absoluta maximum input voltage ia equal to (h9 euppty vottago. 
Votu 3: Thoso specificationa appiy lor £8V :. Vs i. £20V and - SS'C s TA 5 128'C for tho LMT47A and 0'C 5 Ta 8 T0'C for no LM7A7E untees oMenisa 
4ocitad, Tho LM747 and LM747C are apocitied tor Vg ". £ 15V and -88'C s TA 4 125'C and OC s TA 5 7O'C, reepectively, unteeo othonvioe epecifiod. 


Moto 4: Calcutated value from: 0.35/Riee Time (us). 


Schematilc Diagram (Each Amptitei) 
4. tx), 


ge 
TU 1479-14 
Yote: Numbors in perenthoses uro pin nombers tor amptiter B. DIP ony. 


Absolute Maximum Ratings 
If Military/Aerospace specified devices are required, Input Voltage (Note 2) 


18y l 
plesse contact the National Semiconductor Sales -Circui 
Otfice/Diatributors for avallabllity and epecifications. Mont Sbert CtcaR Duretien indefinte 
Súpdiy Volia Operating Temperature Range 
RI A UM747/LM747A —58'C to 4 125'Ç 
222V LM747C/LM747E O'C to 47 
LM747C/LM747E EV 8Q q. qo 
Povrer Dissipation (Note 1) 800 myy é Gi ta Misiaes es AP Clor seS 
Differential Input Voltage 1830V emporare (Colderiag: 1Ogepa d0Be 
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8 
El cua Ll 
i L i 
j 
80-20 20 LI 100 — 140 
TEMPERATURE (9Ç). FREQUENCY (Ha) 
Output Suring end 
input Renge ve 
- — Suppiy Voltage 

x i 

z sn s HI 

i EE i i 

ha ds 
2 

i it : 

i iu i È 
e g nu 2 

i 9 i i 

' 3 

01 02 05 10 20 5.0 10 di 

PREQUENCY (Hi) LOMD RESISTANCE (XO) 


Normalized DC Parameters 
ve Ambient Temperature 
10 


OuTeyT (av) 
RELATINE VALUE 


RELATIVE VALUE 


Tue) 


RELATIVE VALUE 
VOLTAGE CAM 
(ommstop) 1sms ame 


OUTPUT RESISTANCE (D) 


5 10 15 Ll LE TI 006 
SUPPLY VOLTACE (av) FREQUERC (Ha) 


i 
3 
8 i 
j e 
El 
El 
L L 
El 
j 8 
100 OO 
matQuener (ua) 
input Nolee Voltage 
and Current 


OUTPUT VOLTAGE (V) 


fon 020 AE 0 80 100 120 


o 100 LL 10 
PRQUENEX (Ha) ena 
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National 
Semiconductor 
Corporation 


L'H0084/LH0084C Digitally-Programmable-Gain 
instrumentation Amplifier 


General Description 


The LH0084/LH0084C is a self-contalned, high speed, high — The LH0084 is guaranteed from —S55'C to -125"C. The 
accuracy, digitally-programmable-gain instrumentation am- — LH0084C ts guaranteed from — 25"C to - 85"C. Both devic- 
plifier. lt consists of palred FET-input variable-gein voltage--— es are provided in a hermetically sealed 18-lead dual-in-line 
tollover input stages folloved by a difterential-to-single-— motal pacirage. 

ended output atage. The input stage is programmable in 

accurate galn steps of 4, 2, 5, or 10 controlled by the gic: Features 

levels of a 2-bIt TTL-compatible digital input vvord. For addi- 


m3. Excellent galn accuracy 0.07596 max 
tional fledbliity, the output stage ls pin-strappablo to fixed and lovr galn non-lnearity 0.0196 typ 
galns ot 1, 4, or 10 for an overall galn range ot 1 to 100. ml Extromely tou gein d'ift 1 Ppm/C typ 
Applications include incregsed dynamic range A-to-D con- 40 /C max 
verters, test systems, and post multiptexer emplifier tor data ppm. 11 
ecquisition system. es High Input Impedence 101 ntyp 


The device exhibits high input Impedance, lov otset volt. — 8 High PSAR R 70 dB min 
age, high PSRR, high speed, and excelent galn accuracy— 8 TTL compatible digital inputs 
and gain non-linearity. a High speed, settling to 0.196 4 u8 max 


Simplified Schematlc and Connection Diagrams 


Dual-in-line Pactrage 


ul 


DIGITAL pis, 
quo 


qe Í SGRML Order Number LH0084D or LH0084CD 
c jor G00 NS Pacitage D160 


3 
ES DE VE PE ee EE 


Li 


ra — ) 
Vios Input Oflset Voltage 
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Absolute Maximum Ratings 


It MMlitary/Aorospace epecified devices are required, Povrer Dissipation (Note 5) 25VV 
contact the National Semiconductor Sales Office/ 


Output Short Circuit Duration Continvous 
Distributors for avallability and epecitications. Operating Tomperature Renge I 
(Note 6) . LH0084 —S5'C to 4125 
Supply Voltage (Note 1) 2 18V . LH0084C : 256 to 85€ 
Anglog input Voltage (Note 2) 415V Lead Temp. (Soldering, 10 seconds) 4280C 
Diflerential Input Voltage (Not 2) 430V ESD rating to be determined. 

Digital Input Voltage — 4V, 418V 


DC Electrical Characteristics vge 415V, Aj 10 HN, Tuiy STA S Tuax uniess noted 


Conditions CC 


dl RN Ll 
Change vith 
Temperaturo 
Voos Output Otlset Voltage 1 (Note 3) Tju 25"C Tost 81 los j 101 
I I GEH es 
AVoos/AT 1 Output Ofiset Voltage hi dE el pVPC 
Game 
Temperature 
le input Biàs Current Tje 25"C Es pa 
(Note4) : beca mn nA 


Input Offsat Current Tim 25'C 


RiN input Resistance 


ViN LA input Voltage Range 


Ay Voltage Gain 


Ditlerential 
Common-Mode 


El 
EI 
(200) 
mt 
ee 

I 
HH 
5 
10 VV 
20 
50 É 
100 


Le as 1 CC To0s Toors)— 092 focs 
Tar2SC P loca for P''Tocajoal 
LA as I Toca P oa Po Jocelorl 4 
Tosa Los To Tos tos f 
ec ON a ani Jam em 
LT Tovos TO Top 
SDR ll EE SET ai 
Coetficient I 
CMRR — J Common-Mode Vipre £ 10V CL EE I CIÓ 
Rejection Rato CAC CI 
CIA CE ES ES CC 
FSRR sovevss ria Tam Lola i Toro le P Te 
CIA ES EC 
Tareroa Leo Proa To pr 
Vo Carol ara) Tarbart JJ v 
Output Sport Cirout Dacsclesiaslzolesteeiiel j, 
Cument al Toll Tel 
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Digital "0" 
Input Voltage 
Digital "4" 

Input Voltage I 
Digital "o" 

Input Current 


Digital "41" 
Input Current 


Negative Suppiy 
Current 


Pover Dissipation.— L 


Small Signal, 
—9 dB 


Settling Time (Figure 2) 
X 0.196 


Gain Svitching Time 
Equivalent input BV 0.1 H2— 10 Hz 
Noise Voltage (Figure 3) BVV ee 40 H2— 10 hH2 


Equivalent input BV 10 Hz— 10 hH2 
Noise Current (Figure 93) 


Note 1: improper euppiy povrer.on tequence may damago the davice, S89 Povrer Suppiy Connection section under Applications information. 
Note 2: For cuppiy volteges leso than 2 15V the madmum Mmput voltaga is equal to the euppiy vollage. 


Note 8: Thess parametere are epecifled at juncton temperature, T,. in normal operatjon the junction temperature reca ebove tho ambient temperatures, Ta, 89 8 
reeuft ot intomal povver dissipation, Po. Tym Ta t OjaPD vere 6, lo ho thermal regtstance from junction to ambient. 


Note 4: Tho input bis current are Juncton laaxaga currenta vich approdmateiy doublo tor every 10'C Increase in tho junction temperatura. 
Note 8: Seo Typical Performance Cheractertatics for Thermal Reeistance information. 
Note 0: Reter to RETS0084D tor LH0084D military epecificationa. 


IS 
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Typical Performance Characterlstics 


Povrer Dissipation Galn ACcuracy 
3 


input Blas Current 
ex 


Salts ERROR (: 30) 


POUER DESSPATIOS EN) 


10 
90-26 Q 29 98 16 100 036 
APADIRMT VEMPLRATURE CC) 


TRUPERATURE CC) 


Small Signal 


Frequency Response eo Gentàsa Rejection Pover TI Rejection 
mm te8 


INT Ll q . 


Mira ti 


ii ei 
Li ul LU. 
ML Al Mi) 


P aaena em) FRRQURRSY (Ha) -CREGUEUCV (ts) 
E3 


I i Ú i 
II U 


input Common-Mode 


Supply Current Qutput Sving 
LL) 16 


SUrPLV CORRENT (ama) 


OUTUPUT SERRS (2) 


CSemeS a O0E VOLTAGCE de) 
s 


QUPPLV VOLTAGS (VI GUPPLY VOLTAGE (eV) QUTPUT CUNRENT LA) 


Equivalent input 


Nolse Voltago (Includes Broadband Output 
Rsadei Time ú Source-Reslstance Nolse) 3 di Nolse Voltage 
3 va ICC 3 
e NIC Els qu 
3 Eq RAL LI Es 
Í Eq AC Mt MAI) g" 
È 5 L) fi he ME Ll cl E Ll CT ' 
i e 
DS Sa an gal 
ad, I 8 CLU LU 
1 10 100 19 169 LL 164 1004 8 1 10 LL.) 


GAL (VV) PREQUERCY (ia) A VM) 
TL/H/5051-2 
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AC Test Circults 


FREQUENCY 
BAT ESTER EREQUERCY 
R ARALVIER 


(EL) 


a, 


FIGURE 1. Frequency Responee Meseurement Circult 
OSCILLOSCOPE 


Settling Time 
FULSE GENCRATOR i : 


Ay m 30 input Btago 
11/M/60839 -4 


POST AMPLICIER 


PCI LOSCOPE 


10 Ma LP 
PLTER 


PLTER UNIT 


FIGURE 3. Nolee Mensurement Circult TUH/8051-9 


Vvideband Nolse 


Rg e 500 Bandmigth 0.1 Hz to 10 Hz 
taVDivision Vertical. — 8 Beconga/Division Horizontat 


TL/H/8851-8 


(6 
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Applications Information 


THEORY OF OPERATION 

The LH0084 is a digitally-programmable-gain true-instru- 
mentation amplifier composed of a variable-gain voltage-fol- 
tovver Input stage (A1 and A2), follomed by a ditferential out- 
put stage (43). The echomatic ls shovn In £igure 4. 

The input stage contalns matched high-spsed FET input op 
amps (A1 and A2). A high-stability temperature-componsat- 
ed resistor netvort (A1 through R7) controls teedbact ra- 
tios at the inverting inputs of op amps A1 and A2 via FET 
guitches S1A-S4A and 818-84B. Since the FET suvitches 
are in series vith the op amp input Impedanos their resist- 
ance match and temperature drift do not degrade the gain 
accuracy ol the instrumentation emplifier. The FET svitches 
are controlled tivough a 1-01-4 decoder and evitch driver, 
by the logic levels applied at the digital Input terminals D1 


Schematic Diagram 


r. 


Viat-l Q : 


—m————— — 3g 


1054 
Ll PRCODER 

LS AND 
put anTeN 
QAVEN 


CIBITAL 
euo 


and DO and set the gain ot the input stage 88 hom in 
Table Í. 


If, tor example, D1 is High (2 2.0V) and DO is Lovv (80.7V), 
FET oviteh pair S3A and S3B vill be closed (and all remaln- 
ing suvitchesiopen). The Input atage galn, Ayy13, Can then be 
ehovmn to be: 
A iva V2—V1 
VC Vint) 
A4 4 R5 4 R6 £ A7 
R14 R2-4 R3 
LERISALRALLI 
Ale te 2h tt 2h 


34 


m14 


mi 


FIGURE 4 
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Applications information (Continued) 


TABLE Í. Gain Truth Table and Connectlon Table 


test Stage 
Galn 


Avi) 


Digital inputs 


suO0O0luzsooja- oo 
sOQUuaSIuOQUuOoIuOu GS 3 


The output stage, consisting of op amp A3 and resistors R6 
through A15, converts the voltage difierence at the output 
of the input stage, V2 minus V1, to a single-ended output. 
For increased flexibllity.ot the LH0084, the output.stage gein 
ls pla-atrappable. .by: selecting: R10, A10-FR12,. Or 
R104- 3123: R14'a8 teedbach resistor for A3. The ratios of 
thoso resistors t6 Mo diflerontial stage input resistor R3 are 


hept. very .accurate. to: maintaln. the excellent. overall gain. 


accuracy of (ho device. The output stage galn, Avga), Í8 
equal to the feedbacic resistance divided by the input resist- 
ance. Thus vith" for example, Pin 7 veired to Pin 10, that gain 
vrould be: 


Vour 
Av" ya—vi 


Lu R101 12 
A8 


pa JOC 301€ 
101 


To preserve the high common-mode rejection ratio ot the 
output stage, the ground sense resistor, A11, 3117 R13 or 
R114 13 4 A15, must match the feedbach resistor used. 


The overall galn ot the L.H0084 ls therefore: 
AQU 
VIC) —Vin(-) 
Va—Vi —, Vour 


Vet) cVitc) Va-Vi sl 


 Ay1) " Av(2) 


The diflerent gains avallable are in the range ol 1 through 
100 and are summartzed in Table 1. 


Pin Connectlons 


je dia (Sal 


71-10, 12-GND 


8--10, 11-GNO 


POVER SUPPLY CONNECTIONS 


Proper pover suppiy connections are shovm in Figure 5. 
The povver supplies shouid be bypassed to ground as close 
as possible to device suppiy pins. For-optimum high speed 
performance V t and'V— should be decoupled vith 8 0.01 
pF ceramic disc in parallel vith a 1 uF olectrotytic capacitor. 
The tvo ground pins, analog and digital grounds, ehould be 
connected togethorias closo.to the.device 88.possible, prot-: : 
erabiy vith a ground plane undemeath the device. I this is 
not possible, the grounds should be connected together to- 
cally viith bach-to-bach diodes and hard-vired together oft- 
board. ll a ground reterenca ofiset I8 used, it must be lov 
impedance compared to the ground sense resistance to 
avold CMRR degradatlon. 

Cara must be taxen in the suppiy pomver-on sequence. The 
LH0084 may suffer Irreversible damage if the Vt supply is 
applied prior to the povvering on the VT supply. in most 
applications using dual tracting supplies and vvith the device 
euppiy pins adequeteiy bypassed, this vell not present a 
problem. If this cannot be guaranteed, a germanium or 
Schotthy protection diode should be connected betveen 
tho digital ground pin and the V— pin as shovm in Figure 5. 


19y 
LA 


"Seo text 
TUM/8069-7 
FIGURE 6. Porver Suppiy Connections 


Ó 
m38v 
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Applications Information (Continued) 


SIGNAL CONNECTIONS 


The input signals shouid be connected as shova in Figure 
6. To minimize errors, As(t), Rs(—) and Rem should be 
hept as small as possible. , 

The output connections are also shovn in Figure 6. The 
teedbaci teads should be tept short a3 shouid the ground 
sense in order to minimize lead resistance and parasitic ca- 
pacitance. 


OFFSET AND GAIN ADJUSTMENTS 

Special care must be tahen vrhen using external ofiset ad- 
justment. Since the LH0084 ls a 2-stage amplifier vith each 
stage contributing ofset errors, and the amplifier presum- 
ably ls used at several different gains, it is important to real- 
Lze that the otfsets ol both the 18t and the 2nd stages must 
be nulled to maintain zero ofiset reterred to output (RTO) at 
all gein settings. 

In general, lt is recommended that the input stage oflset 
(Vios) be adjusted veith a potentiometer as shovn in Figure 
7. The output stage offset (Voos) is ideally adjusted at a 
eubsequent galn stage (1.6. sample-and-hold or A-to-D con- 
verter), but M this is impractical, lt may also be done as 
shovvn in Figure 7. 


Recommended otfset adjust procedure is as follovs: Initially 

set both pots to center positions and short both inputs of 

the LH0084, to ground. 

a) Set the input:stage galn to.1. (pull D1 and DO lou). Mea-. 
sure the output voltage, VouT1- 

b) Set the input stage galn to 10 (pull O1 and DO high). 
Measure the never output voltage, VouT2. 

c) Calculate the portion ot Voura contributed by the output 
stage otfset per tho equation: 


1 
Voos "(10 . Vouri —Vour2 (4) 


d) Vvhlle maintaining an input stage galn ot 10, adjust the 
input offset voltage (Vios) potentiometer until the output 
voltage is equal to the voltage calculated in Equation (4). 


e) Change the input bacl to a gain ot 1 and edjust the out- 


put ofleet voltago (Voos) potentiometer until the output 
voltage ls zero. 


QUTPUT — 18V 


T1/H/8081-8 


FIGURE 7. Offset Adjuat Circult 
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Applications Information (continued) 


An alternate offeet adjust scheme l8 shovn in Figure 8. The 
ofiset ehould be rezeroed after each time the gain ls 
changed or ven the op amp integrator drift vrarrants a nov: 
z6f0 pulse. An additional advantage ot this adjustment tech- 
nique is that li can also be used to cancel out ofíset voltage 
drift and common-mode voltage error contributions. 
External galn adjustment is generaliy discouraged since 
galn accuracy can be optimized for one gain setting only. If 
gain adjustment is required, hovever, 8 should be done at a 
subsequent gain stage. $ 


LOGIC CONNECTIONS — ". si 
The digital inputs D1 and DO are referenced to the digital 


1/2 0911339 
ame rr 


Li 


ground. The device intertaces directiy to TTL and, vith pull- 
dovm resistors, to CMOS. 

Intertacing vvith microprocessors viili usually require a tatch. 
A Circuit using. full: G-bit vide address decode and vnite 
stròbe is shomn in figure 9. 


REMOTE OUTPUT SENSE 


The teedbacic resistorg of the LH0084 can be connected 
directiy at the load in order to eliminate errors due to lead 


resistance (Figure 10). 


eo AMP N0399 
eta, 


vs RN 
EPENO9 CB VALUES OF A AHO €) 


(HS 


ZERO PULSE 


FIQURE 8. Auto Zero Clecult 


UMPFIEO 
8y0 


COMPARATOA 
eear31 


ABOREES PELECT 


FIGURE 9. Typical Microproceseor Intertace 


00n6) 4 
a 18 — GUTPUT FORCE 
93 (82 OA 99). LI 
G09 CENSE 


TL/M/6681-0 
" FIGURE 10. Remote Sense Comnection 


Applications Information (continueg) 
Also, a unity galn buller, guch as the LH0033, may be In- 
eluded in the teedbaci loop tor Increased current drive ca- 
pablilty as shovn in Figune 11. 


QUTPUY Cauet 


E 3 
Applications 
The LH0084 ls ideal for application in Increased dynamic 
range A-to-D converters, tast 8ystemg, process control, and 
multl-channel data acquisition system. figure 14 shovs the 
device used in a typical data acquisition aystem. 

A soltvrare oflset and galn error correction schome is shovn 
in Figure 15. By firat eclecting a multiptexer Input con- 


LGS LEVEL 
ANALOG 
meyy 


FIGURE 13. Output Current Source Connection 


FIGURE 14. Typlcal Data Acquisitjon Syetem 


ABPLIFICADORS DE SENYALS DE MESURA — 10 


The output sense feature can also be used in other vvays 
such as output otlset, Figure 12, or current gource Output, 
Figure 13. 


VouTAvoViy t VaEF 
IVouris 10V 


FIGURE 12. Qutput Otiset Connection 


Ayo Vi 
ora 
lloyrls8 mA 
llountA, t Agents 10V 

fer 


TL/M/8081-19 


nected to analog ground, and then selecting a channel con- 
nected to a reterence of Rnoven value, the overall eystem 
gain and offset errors can be calculated. For all subsequent 
readings, offset and galn corrections can be made mathe- 
matically by solving a simple first-order equation in sofivrero. 


en06. GAI 
(91. AMP 


La 


t081€ 


MICA. 
PROCESSOR 


ADORESS OUS 
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Applications (Continveg) 


MVegi. Aya) 


Definition of Terms 


input Otiset Voltage, Vios: The voltago vhich must be 
epplled to the inputs to force the output of the input stage to 
OV. Vios can be calculated by measuring Vos (RTO) at in- 
L stage gains ot 1 and 10 end using the folloving equa- 


1 
Vios —3(Voshaya 10 Voslaye1 ) 
vere: 
Voslayre 30 Ovorall oflset (ATO) for Ayz 10 
Voslay 4 Overall otiset (ATO) tor Ayee 1 


Input Otleet Current, log: Tho diflerance in the currents 
into the 2 analog input terminals at OV. 

Input Blas Curfont, tg: The average of the currents into the 
2 analog input terminals at OV. 

input Resletance, Ri: Common-mode input resistance 18 
the change In input voltage range divided by the change in 
input blas current vith both analog inputs et ho same volt- 
,8g9. Ditlerential input resistance is the change in input volt- 
age at one input terminal divided by the change in input 
current at the other input terminal vehich ls tept still at OV. 
Input Voltago Range, Viy: Tho voltage range for vehich the 
device is operatlonal. 

Common-Mede Rejection Ratlo, CMRR: The ratio ot the 
input common-mode voltago range to the change in input 
ofieet voltage over this range. 

Pover Suppiy Rejection Ratlo, PSRR: Tho ratio of the 
specified change in suppiy voltage to the change in input 
ofieet voltage over this range. 

Voltage Galn, Ay: The ratio ot output voltage change to the 
input voltage change producing It. 

Galn Error: The deviation in percent betveen the ideal vott- 
age galn and the value obtalned ven the dovics ls config- 
ured for that gain. 


FIGURE 16. Sotturare System Ottest and Gain Callbration Cireult 


Galn Non-Linearity: The deviation ot the gain from a 
straight line draven through the end-polnts expressed as a 
percent of full-scale (10V for operation veith £ 15V suppiy). 
For testing pumposes lt ia the diflerence betveen positive 
svving galn (OV to 10V) and average gain (— 10V to 10V) or 
betveen negative sving galn (OV to —10V) and average 
gain. 

Qutput Stege Otfect Voltage, Voos: Tho voltage vhich 
must be applied to the input ot iho output stage for the 
Output to ba forced to 0V. Vos can be calculated by mea- 
suring Vos (RTO) at input stage gains ot.1 end 10 and ap- 
Piying the tollomving equation: 


1 
Voos"i( 10 0 VoslAyee 1 Voslaye vo) 
vere: I 
Voslay'e 4" Overall oftset (RTO) tor Ay"e 4 


Voslay"t 10 Overall otiset (RTO) for Ayre 10 


Otísot Voltage (Retorred to Qutput), Vosyaroy The out- 
put voltage vehen both inputs are connected to OV. Vos ls 
compossd of input oflset voltage, Vios, and output otfset 
voltage, Voos, and is a function ot amplifler gein. The over- 
all oftset voltage l9 given by: 

Vosiaro) " AvealAvea Vios t Voos) 
here: 

Viog te input oflset voltage 

Voos " Output stage ofiset voltage 

Avi " Input state galn 

Av(2) " Quiput otage gain 
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Definition of Terms (Continveg) 


Output Voltage Suving, Vo: The peah output voltage sing 
referenced to ground into specified load. 

Output Short-Circult Current, Ig: The current supplied by 
the dovice vith the output connected directiy to ground. 
Qutput Resletance, rg: The ratio ot change in output volt. 
ago to change in output curremt around Zero output. 
Buppiy Voltage Rango, Ve: The supply voltage range for 
vehich the device ls operational. 

Supply Current, tg: The current required from the suppiy to 
operate the device vvith zero load and vith the analog a8 
vell as tho digital inputs at OV. 

Pover Dissipation, Pg: Tho pover dissipated in the device 
vith zero load and viith the enalog as vell as the digital 
inputs at OV, 


Digital "1" Input Voltage, Viu: Minimum voltage required 
at the digital input to guarantee a high logic state. 

Digital "0" Input Voltago, Vi: Maximum voltage required 
at the digital input to guarantee a lovv logic state. 

Digital "4" Input Current, hi: The current into a digital 
Input at specified logic tevel. 

Digital "0" Input Current, tn: The current into a digital In- 
put at specífied logic tevel. 

Average Input Otfget Voltage Drift, AViog/4T: The ratio 
ot input otfset voltage change from 25"C to either tempera- 
ture oxtreme divided by ho temperature range. 

Average Qutput Oftset Voltago Dritt, AVoos/AT: The ra- 
tio of output offset voltage change from 25"C to either tem. 
poraturo extreihe divided by the temperature range. 


Aversge Galn Temperature Coefticlent, AAy/AT: The ra- 
tio of change in gain from 25'C to elther temperature ex- 
treme:divided by the temperature range. 

Gmalt Signal Banduvidth, BVV: The frequency at vhich the 
devico gain changes from the lo frequency gain by a spec- 
ified amount. 

Pomer Banduidth, PBVV: Maximum frequency for vhich 
the output sving ls a large signal einevave vrithout notice- 
able distortion. 

Slour Rato, SR: The intemaliy limited rate of change In out- 
put voltage viith a targa amplitude step function applied at 
the input 

Settitng Time, tg: The time beiveen the Initiation of an input 
step function and the time vehen the output voltage has set. 
tled to mithin a specified error band ot the finel output volt- 
age. 

Galn Sultehing Time: The time betveen tho initiation of a 
gain togic change and the time vhen the final gain smitches 
are closod. It Includes overdrive recovery time, but not sot- 
ting to final value. 

Equivalent input Nolee Voltage, En: Tho rms ot peax 
noise voltago roferred to the input (RT) over a spocified 
frequency band. 

Equivalent input Noleo Current, te: The ms of peal notse 
current reterred to the input (ATI) over a specified trequency 
band. 
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ANALOG 
DEVICES 


FEATURES 

Programmable Gains from 0.1 to 1000 

Difterentiat inputs 

High CMRA: 110d8 min 

Love Drift: 24V/ C max (L) 

Completa Input Protection, Poveer ON and Pover OFF 
Functionally Complete vvith the Addition of Tuvo Resistors 
Internally Compensated 

Gain Bendurideh Product: 40MHz 

Qutput Current Limited: 25mA 

Very Lov Noiss: 0 5uV p:p, 0.1Hz to 10H2, RTI E G e 1000 
Chips are Aveilable 


PRODUCT DESCRIPTION 

The AD521 is a second generation, lovv cost, monolithic IC 
instrumentation amplifier developed by Analog Devices. As a 
true instzumentation amplifier, the AD521 is a gain blocic vvieh 
difterential inputs and an accurately programmable input/ 
output gain relationsbip. 

The AD521 IC instruinentation amplifier should not be con- 
fused vvith an operational amplifier, although several manu- 
facturers (including Analog Devices) offer op amps vvhich can 
be used as building blocs in variable gain instrumentation 
amplifier circuits. Op amps are general-purpose components 
vrhich, vhen used vvith precision-matched external resistors, 
can perform the instrumentation amplifier function, 


An instrumentation amplifier is a precision differential volr- 
age gain device optimized for operation in a real vvorid envi- 
ronment, and is intended to be used vrherever acquisition of a 
useful signal is difficult. lt is characterized by high input im- 
pedance, balanced differential inputs, love bias currents and 
high CMR..— 


As a complete instrumentation amplifier, the AD521 requires 
only tvvo resistors to set its gain to any value betvveen 0.1 and 
1000. The ratio matching of these resistors does not affect the 
high CMRR (up to 120dB) or the high input impedance (3 X 
10282) of he AD521. Furthermore, unlile most operational 
amplifier-based instrumentation amplifiers, the inputs are 
protected against overvoltages up to 415 volts beyond the 
supplies. 

The AD521 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "J" grade, the lovr drift "HX" grade, and the 
lovver drift, higher linearity "L'grade are specified from O to 


Precision Instrumentation Amplifier 


Integrated Circuit 


" 


- AD521 


4700C. The "S" grade guarantees performance to specification 

over the extended temperature range: -55"C to 4125"C, 

PRODUCT HIGHLIGHTS , 

1. The AD521 is a true instrumentation amplifier in integrated 
circuit form, offering the user performance comparable to 


many modular instrumentation amplifiers at a fraction of 
the cost. 


2. The AD521 has lovy guaranteed input offseç voltage drift 
(2UV/ C for L grade) and lov noise for precision, high gain 
applications, 

3. The AD521 is functionally complete vvith the addition of 


tvro resistors. Gain can be preset from 0.1 to more than 
1000. 


4. The AD521 is fully protected for input levels up to 15V 
beyond the supply voltages and 30V differential at the 
inputs. 

5. Internaliy compensated for all gains, the ADS21 also offers 
he user the provision for limiting bandvvideh. 

6. Ofiset nulling can be achicved vvith an optional trim pot. 

7. The ADS21 offers superior dynamic performance vith a 
gain-bandvvidth product of 40MHZ, full peale response of 
1001 Hz (independent of gain) and a settling time of Sus 
to 0.196 of a 10V step. 
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SPECIFICATIONS (typical G Vg 2 215V, Ri — 24 Ruand TA 3 257C unless othorveisa specified) 


ADS2iSD 
MODEL ADS21JD ADS21XD ADS21LD (AD92150/8038) 
GAIN 

Range (For Speafied Operauon, Note 1) 1 to 1000 x x 7 

Equation Ga Rs/RGVA' . : Es 

Error from Equaton (40.25-0.004G19 x 3: 

Noalincanty (Note 2) 

18GS1000 0.29 max Bi . 0496 max $ 

Gaia Temperature Coefficient 263 10.05G)ppa//C h É d 1(15 10.8Gippm/'C 
GUTPUT CHARACTERISTICS 

Rated Quiput 210V, tlOmA ma 5 : : 

Output 3t Manmum Operating Temperature S10V Q SmA min 4 g RE 

Impedançe vn L 8 bs 


DVNAMIC RESPONSE 
Srmall Signal Bandendrh (13dB) 


Gel D1MHz 8 x i 
Guio 3004H2 di 3 A 
G 2 100 200442 Ll : 1 
G a 1000 30h Hz 8 . Ri 
Small Signal, 21 OM Flatness A 
Gel LE i 3 pi 
Go 10 26a h R Di 
G 2 100 29a i L ds 
G 2 1000 Ghlla A 3 a 
Full Peat Response (Note 3) 100442 8: a 
Slevs Rate, LG G 6 1000 10V/s 8: - 
Seteling Time (any 10V step to via lOmV of Final Value) h É 
Gal Tus d 
Gel0 Sus 8 8 a 
Gu 100 Mus 4 5 a 
G u 1000 1549 x 3 P 
Differential Overload Recovery (430V Inpot to mthin 
10mV of Final Value) (Note 4) 
Ge 1000 sous é hi da 
Common Mode Step Recovery (30V tnpur to vnthin 
1OmV of Final Value) (Note 5) 
G 9 1009 10y8, El ds Es 
VOLTAGE OFFSET (may be nulled) FA 
Input Ofser Voltage (Vos) 3mV max CmV typ) 1.5mV max (O.5mV typ) L0my man (O.3mV pa $€ 
va, Temperature ISUV PC max CIuV£ C typ) SuV/ C max (L.SuV/ C typ) Iu VP C man . 
v3, Suppiy JuV hi hi $ 
Ourput Ofíset Voltage (Vosg) hs 400raY man (200mV tv) 200mV max (JOmV typ) 100MV mar : 
va. Temperarure - 4004V PC max (I504V/ C typ) 180pV/ C mar (SONVÀ C pa  TSUV/'C man L 
v3. Suppiy (Note 6) 0005Vorg /$ L Es : 


INPUT CURRENTS 


input Bias Current (ercher imput) BONA max SONA mat 
vi. Tempersture 3 InA//C max SODPA/ C max se 
vi. Supgly - 29/V D i : 
Input Offset Current 2ONA max 1024 mat es da 
va, Temperature, . 250pA/ C max 129pALC max el el 5 
INPUT 
Differennsi input Umpedance (Note 7) 32 10" AU 8pE Li 3 e 
Common Mode Input Impedance (Nore 8) 6 x 10 QU3.OpF . . xi 
Input Voltage Range for Specitied Performance 
Gnth respect to ground) s10V Ll 8 RS ra 
Muamum Voltage vithout Damage to Unit, Povrer ON I . xi 
ar OFF Differential Mode (Note 9) 3ov . 8 8 
Voltage at eher mput (Note 9) Vg 215V és Ll s 
Common Mode Rejecuon Ratio, DC to 60Hz vith 1493 
s0urce unbalance 
Gal . 7048 min (7448 tvp) 7448 ma (B0dB typ) so ve 
Gu10 9OdB mun (9448 typ) 94d8 min (10048 typ) 
Ge 100 10048 min (10448 typ) 10448 min (11848 tvp) 
G a 1000 10048 min (11048, 137.7 1i0d8, mun (12098. in. 
NOISE ornamental 
Voltage RTO (p-p) È O 1Hz to 1OHz (Note 10) v0.58): L2Sp uv 8 : 1 
RMS RTO, lOHz to 106 Hz V2G o 50) uv : R $ 
lapue Current, rms, 10Hz to lOlttz ESpA (ms) - es bs 
REFERENCE TERMINAL b Ú 7 7 Je 
Bias Current JuA 4: : 4 
Input Resistance 10MSL a X : 
Voltage Range tl0V h hi 4 
Gain to Output 1 Bora hi 5: 
POVIER SUPPLY 
Operaung Voltage Range 25V to 218V . . . 
Quiescent Supplv Current SmA max . . . 
TEMPERATURE RANGE 
Speafied Performance U to 470'C R È -$S'C to e125'C 
Opersung -25PC to 285 C hi hi -88'C to 21251C 
Storage as C to 21507 é v 


PACRAGE OPTICN: 
Cetamuç iD-14) 

— aa a ao a a a 
NOTES 

"See Sectioa 10 fot pocuagt dutine iaformatica. 

"Specificanoes same es AD521JD. 
e'Speaficatoss ame es AD MD. 
Specficatoas mubyect to chançe mithout nocor. 


ADS21JD ADS21 XD ADS21LD ADS2ISD 
ara mea ra cen a 
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NOTES: 

1. Gains belovv 1 and above 1000 are obtained by simply ad- . 
justing the gain secting resistors, (Input voltage should be re- 
stricted to £10V for gains equal to or less than 1.) 


2. Nonlinearity is defined as the ratio of the deviation from 
the "best straight line" through a full scale Qutput range Of 
9 volts. V/ith a combination cf high gain and £10 volt output 
suving, distortion may increase to as much as 0.396. 


3. Full Pealç Response is the frequeney belov vhich a typical 
amplifier vvill produce full output svving. 


4. Differential Overload Recovery is the time ic tales the ampli- 
fier to recover from a pulsed 30V differential input vvich 15V 
0 common mode voltage, to vvithin JOmV of final value. The 
test input is a 30V, 10gs pulse at a 1cHz rate. (V/hen a differ- 
ential signal of greater than 11 V is appliéd'betvvecn the inputs, 
transistor clamps are activated vrhich drop the excess input 
voltage across internal input resistors. If a continuous overload 
is maintained, povver dissipated in these resistors causes temper- 
ature gradients and a corresponding change in offset voltage, 

as vvell as added thermal time constant, but vvill not damage 

the device.) 


5. Common Mode Step Recovery is the time it tahes the amp- 
lifier to recover from a 30V common mode imput vrith zero 
volts of differential'signal to vithin 1OmV of final value. The 
test input is 3OV, 10gs pulse at a lcHz rate. (VVhen a com- 


E3 


DESIGN PRINCIPLR 

Figure 1 is a simplified sehematic of the AD521. A differential 
input voltage, Viy, appears across Rg causing an imbalance in 
the curents through Qq and Qg, OlaViy/Rg. That imbalance 
is forced to flovv in Rs because the collector currents of Q3 
and Qu are constrained to be equal by their biasing (current 
mirror). These conditions can only be satisfied if the differen- 
tial voltage across Rs (and hence the Output voltage of che 
AD521) is equal to Al X Rs. The feedbacit amplifier, App 


VI 
performs that function. Therefore, Vour t Re X Rs or 


Àppiying the AD521 


mon mode signal greater than Vs -0.5V is applied to che 


inputs, transistor clamps are activated vvhich drop the excessive 


inputvoltage across internal input resistors. Povver dissipated 
in these resistors causes temperature gradients and a correspon- 
ding change in offset voltage, as vvell as an added themmal time 
constant, but vvill not damage the device.) 


6. Queput Ofiset Voltage versus Povver Supply includes a 
constant 0.005 times the unnulled output offset per percent 
change in either povver supply. IÉ the output offset is nulled, 
the output offsct change versus suppiy chanye is substantially 
reduced. 


7. Differential Input Impedance is the impedance bervveen the 
vo inputs. 


8. Common Mode Imput Impedance is the impedance from 
eitber input to the povver supplies. 


9. Maximum Input Voltage (differential or at cither input) is 
30V vhen using t15V supplies. A more general specification is 
that ncither input may exceed either suppiy (even vhen 

Vs 2 0) by more than 15V and that the difference bervecn the 
tvvo inputs must not exceed 30V. (See also Notes 4 and 5.) 


10. 0.1Hz to 10Hz Peale-to-Peals Voltage Noise is defined as 
the maximum pealc-to-peals voltage noise ovserved during 2 
0É 3 separate 10 second periods vvith the test circuit of Fig- 
ure 8. 


Figure 1. Simplified AD521 Schematic 


U 


AMPLIFICADORS DE SENYALS DE MESURA - 16 


APPLICATION NOTES FOR THE ADS21 
These notes ensure the AD521 vvill achieve the high level of 
performance necessary for many diversified IA aplicacions. 


1. Gains belovv 1 are realized by adjusting the gain setting 
resistors as shovvn in Figure 2 (the resistor, Rg benveen 
pins 10 and 13 should remain 100RS2 21596, sec application 
note 3). For best results, the input voltage should be re- 
stricted to £10V even though the gain may be less than 1. 
See Figure 6 for gains above 1000. 


2. Provide a return path to ground for input bias currents. The 
AD521 is an instrumentation amplifier, not an isolation 
amplifier. Vhen using a thermocouple or other "floating" 
source, this return path may be provided directiy to ground 
or indirectiy through a resistor to ground from pins 1 and/ 
Or 3, as shovn in Figure 3. If the retur path is not pro- 
vided, bias currents vvill cause the output to saturate. The 
value Of the resistor may be determined by dividing the 
maximum allovvable common mode voltage for the appli- 
cation by the bias current of the instrumentation amplifier. 


OPFTIONAL 
OFESET 
TAIM 


c). AC Coupled, Indirect Return 


3 Figure 3. Ground Retums for "Floating" Transduçers 
Figure 2. Operating Connections for A0521 


3. The resistors betvveen pins 10 and 13, (RscaLE) must equal 
10019 41596 (Figure 2). If Rscane is too tou (belovi 851c82) 
the output siving of the AD521 is reduced. At values belovv 
BOLS2 and above 120152 the stability of the AD521 may be 
impaired. 


4. Do not exceed the allovvable input signal range. The line- 
arity of the AD521 decreases if the inputs are driven vvithin 
5 volts 0f the suppiy rails, particulariy vhen the device is 
used at a gain less than 1. To avoid this possibility, atren- 
uate the input signal through a resistive divider netvvoric and I 
use the AD521 as a buffer, as shovn in Figure 4. The resis- 4, JNCAEASE Ba TO CR Un GAINIOSTAy 8, 


DIVIDER NETVORR 
tor R/2 matches the impedance seen by both AD521 in- 2. INPUT SIGNAL MUST BE REDUCEO IN 


: PROPORTION TO POMNER SUPPLY VOLTAGE LEVEL 
puts so that the voltage offset caused by bias currents vvill 


be minimized. Figure 4. Operating Conditions for ViySVS — 10V 
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5. Use the compensation pin (pin 9) and the applicable com- 
pensation circuit vhen the amplifier is required to drive a 
capacitive load. le is vorth mentioning that coaxial cables 
can "invisibly" provide such capacitance since many popu- 
lar coaxial cables display capacitance in the vicinity of 30pF 
per foot. 


This compensation (banduvidth control) feamre permits the 
user to fit the response of the ADS21 to the particular appli- 
cation as illustrated by Figure 5. In cases of extremely high 
load capacitance the compensation circuit may be changed 
as folloves: 


1. Reduce 68092 to 2452 

2. Reduce 330892 to 7.582 

3. Inerease 1000pF to O.1uF 

4. Set Cx to 1000pF if no compensatian vvas originally 
used. Otherviise, do not alter the original value. 


This allovvs stable operation for load capacitances up to 
3000pF, but limits the slevv rate to approximately 0.16V/us. 


6. Signals having frequency components above the Instrumen- 
tation Amplifier's output amplifier closed-loop bandyvideh 
vvill be transmitted from V- to the output vvich little or no 
attenuation, Therefore, it is advisable to decouple the V- 
supply line to the output common or to pin 11. 


1 : i : 
Cra Ton mmhen fe is tho desired bandvvidth, 


(fe in Hz, Cx in uF) 


Figure 5. Optional Compensation Circuit 


INPUT OFFSET AND QUTPUT OFFSET 

Vhen specifying offsets and other errors in an operational 
amplifier, it is often convenient to refer these errors to the 
inputs. This enables the user to calculate the maximum error 
he vvould see at the output vvith any gain or circuit configura- 
tion. An op amp vvith ImV of input offset voltage, for 
example, vould produce 1 V of offset at the output in a gain 
of 1000 configuration. 


in the case of an instrumentation amplifier, here the gain is 
controlled in the amplifier, it is more convenient to separate 


l For further details, refer to "An I.C. User's Guide to Decoupling, 
Grounding, and Mahing Things Go Right for a Change, " by A. 
Paul Brolcav/. This application note is available from Analog Devices 
vvithout charge upon request. 


errors into tvvo categories. Those errors vvhich simply add to 
the output signal and arc unaffected by the gainjean be classi- 
fied as output errors. Those vvhich act as if they are associared 
viieh. the inpue signal, such that their effect at the ourpue is 
propòrtional to the gain, can be classified as input errors. 


As an illustration, 3 typical AD521 might have a :30mV output 
offset and a -0.7mvV input offset. In a uniey gain configuration, 
the total output ofísez vvould be 429.3mV or che sum of the 
tvv0. At a gain of 100, the output offset vould be -4OmV or: 
3OmV 4 100(-0.7mV) 2 -40mV. 


By separating these errors, one can evaluate che total error 
independent of the gain sertings used, similar to the situation 
vvith che input offset specifications on an op amp. In a given 
gain configuration, both errors can be combined to give a total 
ertor referred 10 tbe input (R.T.I.) or ouspue (R.T.O.) by he 
follovving formula: 


Total Error R.T.I. 2 input error 4 (output error/gain) 
Total Error R.T.O. s (Gain x input error) 4 output error 


The offset trim adjustment (pins 4 and 6, Figure 2) is associ- 
ated primarily vvith the output ofízet, At any gain it can be 
used to introduce an output offset equal and opposite to the 
input offset voltage multiplied by the gain. A9 a result, che 
total output offser can be reduced to zero. 


As shovn in Figure 6, the gain range on the AD521 can be 
extended considerably by adding an sttenuator in the sense 
terminal feedbacit path (as vvell as adjusting the ratio, Rs/Rg). 
Since the sense terminal is the inverting inpur to he outpue 
amplifier, the additional gain to the output is controlled by 
R4 and R4. This gain factor is 1t Rg/Ry. 


tor (er (EE) 


Figure 6. Circuit for utilizing some of the unique festures of the 
AMD521. Nots that gain changes introduced by changing R1 and 
R2 vvill have a minimum effect on output offset if the offset is 
carefully nulled at the highest gain setting. 


AMPLIFICADORS DE SENYALS DE MESURA - 18 


Vrhere offset errors are eritical, a resistor equal to the parallel 
combination of Ry and R should be placed betvreen pin 11 
and Vagr. This minimizes the offset errors resulting from the : 
input current floving in Ry and Ra at the sense terminal. Note 
that gain changes introduced by changing the R4/R3 attenua- 
tor vvill have a minimum effect on output offset if the offset 

is carefully nulled at the highest gain setting. 

Vhen a predetermined output offget is desired, VRgp can be 
placed in series vith pin 11. This offset is then multplied by 
he gain factor 1 x R3/Ry as shovm in the equation of 


Figure 6. 


Figure 7. Ground loop elimination, The reference input, Pin 11, 
elloves remote referoncing of ground potential. Differences in 
ground potantiels are attenuated by the high GCMRA of tho 
AD521, 


Figure 8. Test circuit for meesuring peelt to poale nois8 in the 
bendumicth O. 1H2 to 10Hz, Typical messurements ao found by 
resding the maximum peelc to poah voltege nois9 of the device 
under test (D.U.T.) for 3 observation periode of 10 seconds esch, 


BURR - BROVV 
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ISO 100 


Miniature 


Lovv Drift - VVide Bandvvidth 


FEATURES 

e EASY T0 USE, SIMILAR TO AN OP AMP 
Vour/lin — Re, Current Input 
Vour/Vin € Re/ Rin, Voltage Input 


o 10070 TESTED FOR BREAXDOVIN 
150V Continuous lsolation Voltage 


o ULTRA:LONY LEAXAGE, O.94A, max, at 240V/60Hz 
e VIIDE BANDVIOT, 6Otz 

e LOVI COST 

o 18-PIN DIP PACXAGE 


DESCRIPTION 


The ISOI00 is a miniature lov cost optically-coupled 
isolation amplifier. High accuracy, linearity, and 
time-temperature stability are achieved by coupling 
light from an LED bach to the input (negative 
feedbacH) as vell as forvard to the output. Optical 
components are carefully matched and the amplifier 
is actively laser-trimmed to assure excellent tracXing 
and lovv offset errors. 


The circuit acts as a current-to-voltage converter 
vvith a minimum of 750V (2500V test) betveen input 
and output terminals. It also effectively breas the 
galvanic connection betveen input and output com- 
mons as indicated by the ultra-lovv 60Hz leatage 
current 0Í 0.3uA at 250V. Voltage input operation is 
easily achieved by using one external resistor. 


Versatility along vith outstanding DC and AC per- 
formance provide excellent solutions to a variety Of 
challenging isolation problems. For example, the 
ISOI00 is capable of operating in many modes, 
including: noninverting (unipolar and bipolar) and 
inverting (unipolar and bipolar) configurations. Tvo 
precision current sources are provided to accomplish 
bipolar operation. Since these are not required for 
unipolar operation, they are available for external 


01982 Rurr-Rroven Carnaratian 
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PDS-456N 


APPLICATIONS 
e INDUSTRIAL PROCESS CONTROL 
Transducer sensing 
(thermocoupte, RTO, pressure bridges) 
4mA to 20mA loops 
Motor and SCA control 
Ground loop elimination 


o BIOMEDICAL MEASUREMENTS 
o TEST EQUIPMENT 
e DATA ACQUISITION 


use (sec Applications section). 

Designs using the ISOI00 are easily accomplished 
vvith relatively fevv external components. Since Vour 
of the ISOI00 is simply lixRour, gains can be 
changed by altering one resistor value. In addition, 
the ISO100 has sufficient bandvidth (DC to 60RH2) 
to amplify most industrial and test equipment signals. 


Ingry BALANCE Lo Me ere PALANCE 


OUTPUT 
COMMON 


NegrVec — MMPUT Veg "Veg 


COMMON 
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SPECIFICATIONS 


ELECTRICAL 


At TA 5 4250C and tVec s 1SVDC unless othermise noted 


I ISO100AP 1801008P ISO100CP 
PARAMETER CONDITIONS DM q mvP (MAX) MINJ TYPj MAX (MN j TYP l Maxi UNITS 
ISOLATION 


Voltage. 
Rated Continuous, AC peax or DC'" 750 
Test Breaxdoven, DC 105ec . 2500 
Rejectiona DC 5 A 
RiN S10R€, Gai s 100 146 hi 
AC 60Hz, 480V, RF 5 IM) 400 , 
RiN S 10RO, Gam s 100 108 i 
impodance 1012j2.5 . 
Leaxage Current 240V, rms, 60HZ 0.3 i 


OFESET VOLTAGE (RT) — 


tnput Stage iVosi) 
initial Offset s00 
vs Temperature 5 
vs Input Pover Supplies 105 
vs Time 1 
Output Stage (Voso' 
initial Oftset 500 
vs Temperature 5 
vs Output Pover Supplies 105 
vs Time n 
Common-Mode Rejection Ratiot2) 60Hz, RF 2 IMO 
RiN 5 105), Garn — 100 90 
Common-Mode Range 210 


REFERENCE CURRENT SQURCES. N 


Magnitude res 
Nominal 
vs Temperature 
vs Povver Supplies 
Matching 
Nominat 
vs Temperature 
vs Poveer Supplies 
Compliance Voltage 
Output Resistance 


FREQUENCY RESPONSE 


Smalt Signal Bandvvidth Gain s 1V/uA 
Full Povver Bandvvidtn Gain s 1V/uA, Vo € 210V 
Slevv Rate 

Settling Time 


TEMPERATURE RANGE 


Specitication 25 185 ri ec 
Operating -40 100 8 oC 
Storage -55 4100 s. oC 


cl. 


my ———T—— 
60 é hi Hz 
5 a i RH2 
0.22 0.31 hi ha x s V/usec 
100 L di usec 


0.190 


UNIPOLAR OPERATION 


GENERAL PARAMETERS 

Input Current Range 
Linear Operation -20 -0.02 Si ò d 
VVithout Damage - LAl : : i 

Input impedance 01 hi 

Output Voltage Svving Ri 3 2XN. RF 5 IMN 10 0 8 hi 8 

Qutput Impedance DC, open-loop 1200 hi 


GAIN Vo — RF (hi) Es 

Initial Error (Adjustable To Zero - 2 5 1 2 
vs Temperature 003 007 001J 005 
vs Time 005 : 

Nonlinearity(3) 01 0.4 0 2, 01 


CURRENT NOISE is O 2uA 
0.01H: to 10Hz 20 É 
10M2 1 R 
10012 07 : 
1hHz 
INPUT OFFSET CURRENT (log) 
Initial Ottset 1 10 pos ND DA 
vs Temperature i i 
vs Povver Supplies 0.1 , : CAN 
va Tim 100 t à pA/xHr 


ELECTRICAL (CONT) 


PARAMETER 

POVYER SUPPLIES 

Input Stage 
Voltage irated performance. 
Voltage iderated performance 
Supply Current 


Output Stage 
Voltage :rated performance 
Voltage iderated pertormance 
Supply Current 

Short Circuit Current Limit 


GENERAL PARAMETERS 
input Current Range 
Linear Operation 
Vvithout Damage 
input Impedance 
Qutput Voltage Svving 
Qutput impedance 
GAIN 
Initial Error: Adjustable To Zero 
vs Temperature 
vs Time 
Nonltinearity (3) 


UN € -0.024A 
MN € -20uA 


Re 5 241, RF s IMN 


Lo como — Tarf 


BIPOLAR OPERATION 
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ISOTODAP 


VO 5 AF diN: 


CURRENT NOISE. 
0.01Hz to 10Hz 
104z 

100Hz 

UeHz 


initial Offset 

vs Temperature 
vs Povver Supplies 
vs Time 


INPUT OFESET CURRENT los, bipolarita) 


POVVER SUPPLIES 

input Stage 

Voltage rrated pertormance: 
Voltage iderated performance: 
Supply Current 


Output Stage 
Voltage trated pertormance: 
Voltage iderated pertormance: 
Supply Current 

Short Circuit Current Limit 


" Same as ISO100AP 
NOTES 


UN S tIQuA 
UN € -TOuA 


1. See Typical Pertormante Curves for temperature eftects. 
2. See Theory ot Operation section tor detintions. For dB see Ex. 2, CM and HV errors 

3. Nonlinearity is the peax deviation from a "best fit" straight line expressed as a percent ot full scale output 
4. Bipolar otfset current includes eftects of reterence current mismatch and unipolar oftset current. 


MECHANICAL 


s/ 218 


e7 218 


15 


2.1.1) 13.2 
48, 1.1) 413.2 


215 


211 so 
140 


Seating 
— Plane 


NOTE: Leads in true position 
vvithin 0.01" (0.25mm) R at MMC 
at seating plane. 


Pin numbers shovrn for reference 
only. Numbers are not marred 
On pacxage 


2Y 
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ABSOLUTE MAXIMUM RATINGS 


Supply Voltages 
tsolation Voltage 
Input Current 


Storage Temperature Range 
Lead Temperature soldering 10 seconds 
Output Short-circuit Duration 


218V 

2500V 

cimA 

-S5:C to t1000C 
-3000C 

Continuous to ground 


PIN CONFIGURATION 


BOTTOM VIEVV 


'NO INTERNAL CONNECTION 


TYPICAL PERFORMANCE CURVES 


TA 5 r259C, tVec s 1SVDC unless othervvise noted 


SMALL SIGNAL 
FREQUENCY RESPONSE 


BIPOLAR OUTPUT 
SVVING VS Re 


BIPOLAR INPUT STAGE 
GOLER CURRENT VS INPUT CURRENT 


220 X 
E18 Z 
Pl x 
8 2 É 
8 El É 
£ o 210 5 
3 5 6) 
E a z 
4 5 a 
le) : El 
dd a on 
Vo 5 (T2uA) Re) 
s JVeci — 1.2V max 
0 0 dl J 
1 10 100 1000 104 1004 iM 10M OO 100M 
Frequency RiHz Re (A) UN pA 
UNIPOLAR QUTPUT UNIPOLAR INPUT STAGE 
PHASE SHIFT VS FREQUENCY SVVING VS Re SUPPLY CURRENT VS INPUT CURRENT 
-10 J 
oo i NOT SPECIFIED 
Vo 5 (IZuA)Re) FOR OPERATION 
s IVeci — 1.2V max 
3 R 4-5 
8 9go 2 E 
$ En h 
Q € 5 
o El n: 
ò o 3 0 
8 3 S i 
o o Ll 
È 180 E ao D'Vet sHORT CIRCUIT 
o 2 CURRENT LIMIT 
o .5 177. 
1 10 100 1000 10h 100 iM IM 100M -20 -10 0 10 -20 
Frequency MHz Re (A) NN pA 
ISOLATION LEARAGE CURRENT CONTINUQUS DC ISOLATION AC ISOLATION 
VS ISOLATION VOLTAGE VOLTAGE VS TEMPERATURE VOLTAGE VS TEMPERATURE 
a S 
É g, 1000 1000 
ç Le) 
ps SE: a 
PA FS 3 
F ge 750 g, 750 
P DS El 
8 3 RECOMMENDED 5 RECOMMENDED 
ri 02 PERATING Ei OPERATIN 
g 8 Q 200I—IREGION 5 500 
El Go E 
P3 30 È 
a 3è LS 
2 $ 2 250 Q 250 
P2 El 
€ 
ó 
0 1 0 
-25 265 -85 -125 -25 -85 -125 


Isotaton Voltage hV 


Temperature 9C 


Temperature 2C 


RATE OF GAIN ERROR SHIFT 


VS ISOLATION VOLTAGE 


15pe 3.0 


ad 
un 


Short term shift (10 hrs) 
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GAIN ERROR VS TEMPERATURE 
AND ISOLATION VOLTAGE 


NOTES: 
Vr and Tr approximate the threshold 
tor the indicated gain shift. This is 


had 
o 


Long term shift 
is random 


caused by the properties of the 
optical cavity 

Tre P650C, Vr e 200VDC. Shift does 
not occur for AC voltages. 


05 


Gein Error 
(Normalized to 1250C) 
i di 


Rate of Change ot Gain Error (8/hr) 
o 
in 


0 
1000 -25 


750 
Isolation Voltage VDC: 


THEORY OF OPERATION 


The ISOI00 is fundamentally a unity gain current 
amplifier intended to transfer small signals betveen 
electrical circuits separated by high voltages or different 
references. In most applications an output voltage is 
obtained by passing the output current through the 
feedbacth resistor (RT). 


The ISO100 uses a single light emitting diode (LED) and 
a pair of photogiode detectors, coupled together, to 
isolate the output signal from the input. 


Figure. l shovs a simplified diagram of the amplifier. 
Ineri and IRerz are required only for bipolar operation, to 
generate a midscàle reference. The LED and photodiodes 
(DI and D2) are arranged such that the same amount of 
light falls on each photodiode. Thus, the currents 
generated by the diodes match very closely. As a result, 
the transfer function depends upon optical match, rather 
than absolute performance. Laser-trimming of the 
components improves matching and enhances accuracy, 
vvhile negative feedbacx improves linearity. Negative 
feedbach around Al occurs through the optical path 
formed by the LED and DI. The signal is transferred 
across the isolation barrier by the matched light path to 


4 
és 


ISOLATION 
BARRI 


OPTICAL 1 
ASSEMBLY: : 


QUTPUT 
COMBON COMMON 


CONNECT PiNS 15 AND 16 FOR BIPOLAR — CONNECT PINS 7 AND 8 FOR BIPOLAR 
ANO PINS 16 AND 17 FOR UNIPOLAR. AND PIS 8 AND 9 FOR URIPOLAR 


FIGURE 1. Simplified Bloch Diagram of the ISO100. 


125 


Vi 5 Isolation-mode Voltage 
Vr s Threshold Voltage 
Tr s Threshold Temperature 


t65 175 4125 
Tr 


Temperature (0C) 


The overall ISO amplifier is noninverting (a positive 
going input produces a positive going output). 


INSTALLATION AND 
OPERATING INSTRUCTIONS 


UNIPOLAR OPERATION 


In Figure 1, assume. a current, lix, flovvs Out of the 
ISO 100 (Hi must be negative in unipolar operation). This 
causes the voltage at pin. 15 to decrease. Because the 
amplifier is inverting, the output of Al increases, driving 
current through the LED. As the LED light output 
increases, DI responds by generating an increasing 
current. The current increases until the sum of the 
currents in and out Of the input node (-Input to Ai) is 
zero. At that point the negative feedbact through DI has 
stabilized the loop, and the current Ibi equals the input 
current plus the bias current. As a result no bias current 
flovrs in the source. Sinçce DI and D2 are matched (Ipi — 
Ib2), lin is replicated at the output via D2. Thus, Al 
functions as a unity-gain current amplifier, and A2 is a 
current-to-voltage converter, as described belovy. 
Current produced by D2 must either flovv into A2 or Rr. 
Since A2 is designed for lovv bias current (€:10n A) almost 
all of the current flovss through Rr to the output. The 
output voltage then becomes, 

Vo S (ha) RF S (Ii Elos) RF S -(-lix) Re S hxRr, (BD) 
vvhere, los is the difference betvveen Al and A2 bias 
currents. For input voltage operation lix can be replaced 
by a voltage source (Vix) and series resistor (Rix) since 
the summing node of the op amp is essentially at ground. 
Thus, lis € Vix/Rix. 


Unipolar operation does have some constraints, hovvever, 
In this mode the input current must be negative so as to 
produce a positive output voltage from Al to turn the 
LED on. A current more negative than 20nA is necessary 
to Reep the LED turned on and the loop stabilized. VVhen 
this condition is not met the output may be indeterminant. 
Many sensors generate unidirectional signals, e.g., 
photoconductive and photodiode devices, as vell as some 
applications of thermocouples. Hoxvever, other appli- 
cations do require bipolar operation of the ISO190. Pg 
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BIPOLAR OPERATION 


To activate the bipolar mode, reference currents as 
shovvn in Figure 1, are attached to the input nodes of the 
op amps. The input stage stabilizes just as it did in 
unipolar operation. Assuming liy — 0, the photodiode 
has to supply all the IREri current, Again, due to 
symmetry, Ii £ lp2. Since the tvvo references are 
matched, the current generated by D2 vvill equal IRer:. 
This results in no current flovv in Rr, and the output 
voltage vvill be zero. VVhen lix either adds or substracts 
current from the input node, the current DI vill adjust to 
satisfy Ipi S lin t IREri. Because IReri equals IRer: and Ipi 
equals Íp2, a current equal to lin vvill flov in Rr. The 
output voltage is then Vo — lin Rr. The range of allovvable 
lin is limited. Positive liy can be as large as IREri (10.54 A, 
min). At this point, DI supplies no current and the loop 
opens. Negative lin can be as large as that generated by 
DI vvith maximum LED output (recommended l0uA, 
max). 


DC ERRORS 


Errors in the ISO 100 tae the form of offset currents and 
voltages plus their drifts vvith temperature. These are 
shovvii in Figure 2. 


ISOLAFION BARRIER 
iso100 


Vogo 


"U49E 10 OR GREATER TO ACHIEVE A FULL SCALE OUTPUT OF 10V. 


FIGURE 2. Circuit Model for DC Errors in the ISO100. 


Al and A2: are assumed to be ideal amplifiers. 

Voso and Vosi: are the input ofíset voltages of the output 
and input stage, respectively. Voso 
appears directly at the output, but, Vosi 
appears at the output as 


see equation (2). 

los: is the offset current. This is the currerit at 
the input necessary to mahe the output 
zero. It is equal to the combined effect of 
the difference betxveen the bias currents 
of Al and A2 and the matching errorsin 
the optical components, in the unipolar 
mode. 

IREri and lRer): are the reference currents that, vhen 

connected to the inputs, enable bipolar 

operation. The tvvo currents are trim- 

med, in the bipolar mode, to minimize 

the los mpolar ETTOT. 

are the currents generated by each photo- 


diode in response to the light from the 
TteN 


Ipi and Ip:: 


Ag is the gain error. 
Ae Sl Ideal gain. Actual gainj -1 


The output then becomes: 


Vis £ Vos 
Vorrs Rel IN OSI 


IN 


er Elos(l Y Ag) F IRera) È Voso 


2) 


The total input referred offset voltage of the ISOI00 can 
be simplified in the unipolar case by assuming that A. — 
0 and Vin FO: 


Vour S Rr( Del Flos umporr) £ Voso (3) 
This voltage is then referred bach to the input by divid- 
ing by RF/ Rin. 
Vos am € GE Vosi) ERin (los uniponr) T. Voso/(Rr/ Rin) 
(4) 
Example 1: (Refer to Figure 2 and Electrical Specifica- 
tions Table) 


Given: TOS bipolar — HJ3SnA 
Ri FS 100XOQ 
Re S IMA (gain — 10) 
Vos FS br2004V 
Voso — t200uV 


Find: The total offset voltage error referred to the input 
and output vhen Vix F 0V. 


Vos total RTI 
s ((EVosi ERin (los tipo) — Rin (IRer 1)J 
Ll $ Ad Y Rin leer 2) dVoso/(RrF/ Rin) 
s ((H2004V "1004 (35nA) — 100XQ (12.5uA)J 
(1.02) 4 100RQ (12.54AJ) € 
2004V/ (IMO / 100) 


(f0.2mV 4 3.5mV — 1.25V) 
(1.02) 4 L.25V) 4 0.02mV 


—2l.2mV 


Vos total RTO 

Vos total RTI X Rr/ Rin 
—21.2mV X 10 

—2i2mV 


Note: This error is dominated by los tipo and the refer- 
ence current times the gain error (vhich appears as an 
offset). The error for unipolar operation is much lovver. 
The error due to offset current can be zeroed using cir- 
cuits shovvn in Figures 6 and 7. The gain error is adjusted 
by trimming either Rr or Rix. 


Ll 


H 


oo H 


COMMON-MODE AND HIGH VOLTAGE ERRORS 


Figure 3 shovrs a model of the ISO 100 that can be used to 
analyze common-mode and high voltage behavior. 


Definitions ot CMR and IMR 
los is defined as the input current required to mahe the 
ISO 100's output zero. CMRR and IMRR in the ISOI00 
are expressed as conductances. CMRR defines the 
relationship betvveen a change in the applied common- 
mode voltage (Vem) and the change in los required to 


malaraia thanmalifiarc antantat rara: 


feo-— ISOLATIOH BARRIER 
Ll 
RF 


QUTPUT 


Le COMMON 

FIGURE 3. High Voltage Error Model. 

CMRR (l-mode) 5 Alos/ A Vem in nA: V (5) 
I ml Mos, — ÀVERR CM, 

CMRR (V-mode) El Rix S Ven inV/V(6) 


IMRR defines the relationship betxveen a change in the 
applied isolation mode voltage (Vim) and the change in 
los required to maintain the amplifier's output at zero: 


los , 
IMRR (l-mode) CE in pA/V (7 
sp vu (8) 
El Mos Via . 
T Sl Rin a ELERIM 
IMRR (V-mode) ES IN Via in V V 


CMRR é IMRR in V/V are a function of Rix. 

Vi is the voltage Betvveen input common and output 

— common. 

Vemis the common-mode voltage (noise that is present 
on both input lines, typically 60H2). 

Ven is the equivalent error signal, applied in series v'ith 

TO he input voltage, vvhich produces an output error 
identical to that produced by application of Vem 
and Vim. 

CMRR and IMRR are the common-mode and isolation- 

mode rejection ratios, respectively. 

TOTAL CAPACITANCE (C, and C2) is distributed 

along the isolation barrier. Most of the capacitance is 

coupled to lovv impedance or noncritical nodes and 

affects only the leaiage current. Only a small capacitance 

(C2) couples to the input of the second stage, and 

contributes to IMRR. 

Example 2: Refer to Figure 3 and Electrical 

Specification Table) 


Given: Vem 5 IVAC peah at 60Hz, Viu S 200VDC, 
CMRR 5 3nA: V.IMRR 5 SpA V, 
Rix S I00RQ, Re S IMQ 
(Gain — 10) 

Find: The error voltage referred to the input and 


output vvhen Vi s QV 
VeRr an S (Ven CMRRMRin) £ (Viu) 
(IMRRMRis) 
SIV (3nA/V) (100RQ) € 200V 
(SpA VI100RQ) 
S 0.3mV Y 0. ImV 
S 0.4mV 
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VeRaaro € Veng qr (Re/ Rin) 
S 0.4mV (10) 
S 4mV (vith DC IMRR) 
(Note: This error is dominated by the CMRR 
term) 
For purposes of comparing CMRR and IMRR directiy: 
vvith dB specifications. the folloving calculations can be 
performed: 
CMRR in V/V s CMRR (l-modeN Rin) 
S 3nA/ V (1004) € 0.3mV/ V 
CMR 5 20 LOG (0.3mV: V) — -70dB at 60Hz 


IMRR in V/V 5 
IMRR (l-modej(Ris) € SpA ' V(I00XQ)- 0.5 V/ V 


IMR 5 20 LOG (0.5 x 108V/V) s -126dB at DC 


Example 3: 
In Example 2. Visis an AC signal at 6QHz and 
IMRR 2 299PA, 
VeRR ar s Vega CM Y VERR iM 
S 0.3mV 4 200V (400pPA / V3(100RN) 
ss 8.3mV 
VERR RTO E 83mV (vith AC IMRR) 


Example 4: 
Given: Total error RTO from Examples 1 and 3 as 
378mV vvorst case 


Find: Percent error of 4 IQV full scale output 
Ct Error s Viena total , 199 
ES 
378mV 
ç I 
TU Da 
s 3.789 


NOISE ERRORS 


Noise errors in the unipolar mode are due primarily to 
the optical cavity. VVhen the full 60 Hz bandvvidth is not 
needed, the output noise of the ISO100 can be limited by 
either a capacitor, Cr, in the feedbach loop or by a 
lovv-pass filter folloving the output. This is shovn in 
Figure 4. Noise in the bipolar mode is due primarilyto the 
reference current sources, and can be reduced by the 
lovv-pass filters shovvn in Figure 5. 


FIGURE 4. Tvo Circuit Techniques for Reducing 
Noise in the Unipolar Mode. RÇ 
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FIGURE 5. Circuit Technique for Reducing Noise from 
The Current Sources in the Bipolar-Mode. 


OPTIONAL ADJUSTMENTS 


There arc tvo major sources of ofíset error: offset volt- 
age and ofíset current. Vosi and Voso of the input and 
output amplifiers can be adjusted independently using 
external potentiometers. An example is shovvn in Figure 
17. Note that Voso (5004V, max) appears directly at the 
output, but Vosi appears at the output multipled by gain 
(Re / Rix). In general, Vos is small compared to the effect 
Of los (see Example 1). To adjust for los use a circuit 


UPTIONAL UNIPOLAR los ABJUST 


La 
NO 
Ro 20040 POT 


ez imani 


le2 in 


lonç QUE 
TQ A, 8 Re 


———— 


SHIFT QUE TO R, 8 Re 


FIGURE 6. Adjusting the Unipolar Amplifier Errors at 


men Tamnt 


4vhich intentionally unbalances the ofíset in one direc- 
tion and then allovrs for adjustment bach to zero. 


Figure 6 shovs hov to adjust unipolar errors at zero 
input. The unipolar amplifier can be used dovn to zero 
input if it is made to be "slightly bipolar." BY sampling 
the reference current vith Rs and Re the minimum cur- 
rent required to Xeep the input stage in the linear region 
of operation can be established. R7 and Ra are adjusted 
to cancel the offset created in the input stage. This brings 
the Output to zero, vvhen the input is zero. Although the 
amplifier can novv operate dovrn to zero input voltage, it 
has only a small portion of the current drain and noise 
that the true bipolar configuration vvould have. 


Adjusting the bipolar errors is illustrated in Figure 7. 
Each of the errors are adjusted in turn. VVith Vix S 
"open", los is trimmed by adjusting Rio to mate the 
Output zero. Rg is then adjusted to trim the gain error. 
The effects of offset voltage are removed by adjusting 
Ri. 


OPTIONAL BIPOLAR los ADJUST 


IMQ Rio — Au 10MQ 


Vi 
9.1640— Ro 
5000 
POT 


FIGURE 7. Adjusting the Bipolar Errors. 


BASIC CIRCUIT CONNECTIONS 


SHIELD 


as, 


Vour € intr 
or 


Vour 5 Viu Rr/R 
a 


CUSE NEGATIVE INPUTS ONLY 


FIGURE 8. Unipolar Noninverting. 
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3. Care should be tahen to minimize external capacitance 
across the isolation barrier. 


4. The distance across the isolation barrier, betveen 
external components, and conductor patterns, should 
be maximized to reduce leatage and arcing. 


Vour € hpRr : 
0r 5. Although not an absolute requirement, the use of 


Vour "Vi AE/ipl conformally-coated printed circuit boards is recom- 
mended, 


6. V/hen in the unipolar mode, the reference currents 
(pins 8 and 16) must be terminated. lix should be 
greater than 20nA to eep internal LED on. 


7. The noise contribution of the reference currents vvill 
cause the bipolar mode to be noisier than the unipolar 
mode. 


8. The maximum output voltage svving is determined by 
Vour Si (RE /A3) hix and RF. 
Vauinç 5 LL x Rr 
9. A capacitor (about 3pF) can be connected across Rr 
"USE POSITIVE INPUT VOLTAGE ONLY to compensate for peahing in the frequency response. 
Viu 221044 AsguacE The pealing is caused by the pole generated by Rr and 
the capacitance at the input Of the output amplifier. 


Figures 12 through 18 shovv applications of the ISOI90. 


Cç MAY BE USED TO 
MHÍPROVE FREQUENCY Mg l/ 2r Rp0F 
RESPONSE froduce pesting) 


002,At0t0,a 16 ISOLATION, GARRIER 


RSquRcE 


"Vi SOLA X R8QURCE 


FIGURE II. Bipolar Inverting. 


APPLICATION INFORMATION 


The small size, lovv offset and drift, vide banduidth, 
ultra-lovv leaage, and lovv cost, mate the ISO100 ideal 
fora variety ofisolation applications. The basic mode of 
operation of the ISO 100 vill be determined by the tvpe of 


ta 
r-i 
8 
El 
5 
- 
o 
—R 
a. 


3 los ISOLATED 
signal and application. POVER 1 
suPery l 
Major points to consider v'hen designing circuits vith the 
ISO100. AU LO TO ME 
1. Input Common (pin 18) and -IN (pin 17) should be 


grounded through separate lines. The Input Common FIGURE 12. Tvvo-Port Isolation Photodiode Amplifier 
can carry a large DC current and may cause feedbac Unipolar. 


to the signal input 


2. Use shielded or tvisted pair cable at the input, for long 1 
lines. Ut 
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BRIOGE 
EXCITATION 


SENSOR 
TRANSDUCER 


INA1O1 
x 100 


IS0100 


INPUT COMMON 


0UTPUT 
common TOTAL AI: 1000 


2I5V (1 -15V 


(1) FOR ISOLATEO SUPPLIES SEE FIGURES 10 ANO 11 

12) IN THIS EXAMPLE THE INTERNAL PRECISION CURRENT REFERENÇE. lpçg 
PROVIDES BRIOGE EXCITATION. 

(3) PIN 8 OF THE INAVOL MUST BE MORE NEGATIVE. THAN -2mV FOR LINEAR 

OPERATION OF THE ISO100 MITH Aj 2 100412 


FIGURE 13. Precision Bridge Isolation Amplifier (Unipolar). 
3 


OFESETTING 
NSV ES 449 em 4 SV 


Ba BE USEO TO 100 


ROVE FREQUENCY Mg 1/2: Relp 
RESPONSE freduce pealing) 


NAS 
0040 ea 


Es) 
per) 
a 
2 
23 
El 
o 
El 
3 
Ep 
z 
- 


GAIN z 210 t0 21000 
APPROXIMATE INPUT OFFSETTING z O lo 27.5,A 
FOR ISOLATEO SUPPLIES SEE FIGURES 10 and 11 


FIGURE 15. Isolated Test Equipment Amplifier 
ISOLATED , (Unipolar vith Offsetting). 
POVIER j 

coin duncron — j SUPPLY l 


COMPENSATON pg AD R ARE REOUIRED TO MAINTAIN 
A 3mA. MIN. LOAD TO THE 722 


FIGURE 14. Three-Port Isolation Thermocouple 
Amplifier (Bipolar). 
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IMPUT 
-SV TO QV 


e / 
LT sona 
SPAM ADJUST 


CALIBRATION PROCEQURE: 


SET Us OU 
2. ADJUST R FOR Igyy € ZOMA 
d 3. SET Ui 5-5V 
ROLATED 4. ADJUST Ri FOR ge € dMA 


In 
OFESET ADJ 


S15V -15V 
(NON ISO) 


Vi, Vi2 
Vos mbget am" unrtipo J 


dVeç3 
TO INPUT SYAGES 
OF AMPLIFIERS 
2 3 


724 ISOLATED 
POVIER SUPPLY 


"NO ADDITIONAL CONNECTIONS TO OUTPUT AMPLIFIERS EO ON 
NOTE THAT A VARIETY OF IMPUT/GAIN COMFIGURATIONS CAN BE USED (NON-1S0) 


FIGURE 17. Four-Port Isolated Summing Amplifier (Unipolar). 
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CHANNEL SELECT 


GAIN SELECT 


CP 
CE 


INPUT 
CHANNELS 


unir Le 


v COMMON 7 
S FOR ISOLATED POVVER SUPPLIES SEE FIGURES 10 AND UI. , 


FIGURE 18. Multiple Channel Isolation Amplifier (Bipolar) vith programmable Gain (Useful in Data Acquisition 
Systems). 


The information provided herein is believed to be reliable, hovever, BURR-BROVVN assumes no responsibility for inaccuracies Or OMISSIONS. BURR- 
BROVVN assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user's OYVN lisi Prices and 
specitications are subject to change viithout notice. No patent rights or licenses to any of the circuits described herein are implied Or granted to any thiró 
party. BURR-BROVYN does not authorize or vearrant any BURR-BROVVN produet for use in life support devices and/or systems. 


ANALOG 
DEVICES 


En 


FEATURES 

High CMV lsolation: 2500V RMS Continuous 
A 3500V Peolc Continyous 

Small Size: 1.00" x 2.10" x 0.380" 

Threo-Port lsolation: Input, Output, and Povver 

Lovv Nontinearity: 2 0.01290 max 

Viido Banduvideh: 204Hz Fult-Poveer ( — 3dB) 

Lo Gein Drife: s 25ppmPC max 

High CMA: 120dB (G ze 100V/V) 

lsolated Povver: 2: 15V EQ 2 5mA 

Uncommitzed Input Amptifier 


APPLUICATIONS 

Muttichannel Data Acquisition 

High Voltage Instrumentation Amplifier 
Gurrent Shunt Messuremonts 

Process Signal lsolation 


GENERAL DESCRIPTION 

The AD210 is the latest member of a nevv generation of love 
cost, highi performance isolation amplificrs. This three-port, 
vride bandvideh isblatica amplifier is manufactured vvieh surface- 
mounted components in an automated assembiy process. The 
AD210'combines design expertise vvith state-of-the-art manufac- 
turing technology to produce an extremely compact and economical 
isolator vvhose performance and abundant user features far exceed 
Mose offered in more expensive devices. 


The AD210 provides a complete isolation function vvith bor 
signal and povver isolation supplied via transformer coupling 
internal to the module. The AD210's functionally complete 
design, povered by a single 4 15V suppiy, climinates the need 
for an external DC/DC converter, unlilce optically coupled isolation 
devices. The true three-port design structure permits the AD210 
to be applied as an input or output isolator, in single or multi- 
channel applications. The AD210 vvill rmaintain its high per- 
formance under sustained common-mode stress. 


Providing high accuracy and complete galvanic isolation, the 
AD210 interrupts ground loops and lcalcage paths, and rejects 
vommon-mode voltage and noise £hat may othervvise degrade 
measurement accuracy. Ín addition, the AD210 provides protec- 
tion from fauit conditions that may cause damage to other sections 
Of a measurement system. 


PRODUCT HIGHLIGHTS 

The AD210 is a full-featured isolator providing numerous user 
benefits including: 

High Common-Mode Performance: The AD210 provides 2500V 
rms (Continuous) and 2 3500V peale (Continuous) common-mode 
voltage isolation betyveen any tvvo ports. Lovv input to outpur 


aCovered by U.S. Patemt No. 4,703,283. 
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Precision, Vide Banduidth, 
3-Port Isolation Amplifier 


AD210" 


AD210 FUNCTIONAL BLOCR DIAGRAM 


capacitance 0f SpF results in a 120d8 CMR at a gain of 100, 
and a love lealcage current (2uA rms max Gi 240V rms, 60H2). 


High Accuraey: Vith maximum nonlinearity of 2 0.01290 

(B Grade), gain drift of £ 25ppm/"C max, and imput ofíset drift 
0f (2: 10: 30/G) uVPC, the AD210 assures sigual integrity vhile 
providing high level isolation. . 

VVide Bandvideh: The AD210's full-povver bandvvideh of 201 Hz 
males it useful for svideband signals. lt is also effective in appli- 
cations lilte control loops, vhere limited bandyvidth could result 
in instability. 


Small Sixe: The AD210 provides a complete isolation function 
in a small DIP pacicage just 1.00" x 2.10" x 0.350". The lovv 
profile DIP pacicage allovrs application im 0.5" card racles and 
assemblies. The pinout is optmized to facilitate board layout 
vhile maintaining isolation spacing betveveen ports. 


Three-Port Desiga: The AD210's three-port design structure 
allovvs each port (Input, Qutput, and Poveer) to remain indepen- 
dent. This three-port design permits the AD210 to be used as 
an input or output isolator. lt also provides additional system 
protection shouid a fault occur in the povver source. 


Isolated Poveer: £ ISV (u SmA is available at the input and 
output sections of the isolator. This feature permits the AD210 
to excite floating signal conditioners, front-end amplifiers and 
remote transducers at the input as vvell as other circuitry at the 
output. 3 


Flexible Input: An uncommitted operational amplifier is provided 
at the input. This amplifier provides buffering and gain as required, 
and facilitates many alternative input functions as required by 
the user. 
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ESO SENSITIVE DEVICE 


CAUTION 

ESD (electrostatic disch.rge) sensitive device. Per- 
manent damage may occur on unconnected devices 
subject. to high energy electrostatic.— fieids. 
ij Unused devices must be stored in conductive foam 
or shunts. The protective foam should be dis- 


j charged to the destination sochet before devices are 
removed. 
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AD210 


INSIDE THE AD210 


The AD210 basic bloch diagram is illustrated in Figare 1. A EX J 
4 15V supply is connected to the povver port, and £ 15V isolated I mes 3 'O: 
posrer is supplied to both the input and output ports via a SO Hz Von a Venlt 1 RE) 
carrier frequency. The uncommitted input amplifier can be used Ves 9 i 
to suppiy gain or buffering of input signals to the AD210. The Q n o 
fullvrave modulator transistes the signal to the carrier frequency 
for application to transformer T1. The syuchronous demodulator : Q) 

in the output port reconstructs the input signal. A 208Hz, three- ne Q 

pole filter is employed to minimize output noise and ripple. GG 

Finally, an output buffer provides a love impedance output Es 


capable of driving a 2R9 loed. ans 7 
Figure 3. Input Configuration for G:1 


Figure 4 shovrs hovv to secommodate current inputs or sum 
currents or voltages. This circuit configuration can also be uged 
for signals grester than Z 10V. For example, a 2: 100V input 
span can be handled veith Rg ze 20XQ and Rsp ee 2004. 


Figure 1. AD210 Bloc Diagram 


É3 4 15V 
USING THE ADB210 Vs a 
The AD210 is very simple to appiy ix a vride range of applications. Von a Relat parte) 
Porvered by a single 4 15V pover suppiy, the AD210 vell provide 
outstanding performance vhen used 49 an input or output isolator, Figure 4. Summing or Current Input Configuration 
in single and multichannel configurations. 
laput Configurations: Tbe basic unity gain configuration for Adjustments 
signals up to 4 10V is shovm in Figure'2. Additionat input i Vibeo gai and ofitet adjustments are required, the actual circuit 
amplifier variations are shova in the follovring figures. For adjustment components veill depend on the choice of input 
smaller signal levels Figure 3 shovs hov to obtain gain vehile configuration and vrhether the adjustments sre to be made at 
maintaining a very high input impedance. the isolator's input or output. Adjustments on the output side 


mighte be used mhen potentiometers on the input side vrould 
represent a bazard due to the presence of high common-mode 
voltage during adjustment. Ofiset adjustments are best done at 
Sen, the input side, as it is better to null the offset ahead 0f tbe gain. 
de Figure S shovrs the input adjustment circuit for use hen the 
i àis input amplifier is configured in the noninverting mode. This 
I ofiset udjustment circuit injects a small voltage in series vvith the 
GAIN 


Vour 
4 15V 3: 
Figure 2. Basic Unity Gein Configuration y 

The high input impedance 0f the circuits in Figures 2 and 3 can 

be maintained in an inverting application. Since the AD210 is a 

three-port isolstor, either the imput leads or the output leads 

may be interchanged to create he signal inversion. ce 

Figure 5. Aojustments for Noninverting input 
LU 


AMPLIFICADORS DE 


love side of the signal source. This vill not vrorh if the souree 
has another current path to input common or if current flovs in 
the signal souree LO lead. To minimize CMR degradation, Ieep 
the resistor in series viith the input LO belove a fevr hundred 
ohms. 


Figure 5 also shoves the preferred gain adjustment circuit. The 
circuit shovs Re 0f SOXQ, and vvill vorit for geins of ten or 
greater. The adjustment becomes less effective at lover gains 
(its effect is halved at G mu 2) so that the pot veill have to be a 
larger fraction of the total Rg at love gain. At Ge I (follomer) 
the gain cannot be adjusted dovravard svithout compromising 
input impedance: it is better to adjust gain at the signal souree 
or after the output. 


Figure 6 shoves the input adjustment circuit for use mhea he 
imput amplifier is configured in the inverting mode. The offset 
adjustment nulls the voltage at the summing node. This is pref- 
etable to current injection because it is less affected by subsequent 
gain adjustment. Gain adjustment is made in the feedbecic and 
vvill vori for gains from 1 to 100V/V. 


É3 e15V 


Figure 6. Adjustments for Inverting input 


Figure 7 shoves hove offset adjustments can be made at the : 
output, by offsetting the flcating output port. In this circuit, —, 
2 15V vrould be supplied by a separate souree. The AD210s 
output amplifier is fixed at unity, therefore, output gain must 
be made in a subsequent stage. 


Figure 7. Output-Side Offset Adjustment 
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PCB Layout for Multichanyel Applications: The unique pinout 
positioning minimizes board spece constraints for multichannet 
applications. Figure 8 shoves the recommended printed circuit 
board layout for a noninverting input configuration vvith gain. 
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Figure 8. PCB Layout for Multichannel Applications 
vvith Gain 


Synehronization: The AD210 is insensitive to he clocht of an 
adjacent unit, climinating the need to synehronize the clochs. 
Hovvever, in rare instances channel.to channel pici-up may 
occur if input signal veires are bundied togemher. If this happens, 
shielded input cables are recommended. 


PERFORMANCE CHARACTERISTICS 

Common-Mode Rejection: Figure 9 shoves the common-mode 
rejectjon of the AD210 versus frequency, gain and input source 
resistance. For maximurm common-mode rejection of unyranted 
signals, Xeep the input souree resistance lovy and carefully lay 
Out he imput, avoiding excessive stray capacitance at the input 
terminals. 


s009 100.209 00 2u su 104 
FREQUENCY - Ha 


Figure 9. Common-Mode Rejection vs. Frequency 
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AD210 I 


Phase Shift: Figure 10 illustrates the AD210's love phase shifi 
and gain versus frequency. The AD210's phase shift and vide 
bandveidih performance malxe it vvell suited for applications lite 
pomver monitors and controls 3ystems. 
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Figure 10. Phese Shift and Gain vs. Frequency 


Input Noise vs. Frequeney: Voltage noise referred to the input 
is dependent on gain and signal bandvvidth. Figure 11 illustrates 
He typical input noise in nV/V'HZ of the AD210 for a frequency 
range from 10 to"10hHZ. 


ERROR - 8, 0t Sigaai Sunng 


0 2 4 6 0 2 66 MM 
TOTAL SIGNAL SVVING - Volta 


Figure 13. Gain Nonlinearity vs. Output Svving 


Dn OC am UE LL L 
Gaia vs. Temperature: Figure 14 illustrates the AD210's gain 
vs. temperature performance. The gain versus temperature 
performance illustrated is for an AD210 configured as a unity 
gain amplifier. 


Figure 11. Input Noise vs. Frequency 


Gain Nonlinearity vs. Output: Gain nonlinearity is defined as 
the deviation of the output voltage from the best straight line, 
and is specified as o peale-to-pealc of output span. The AD210B 
provides guaranteed maximum nonlinearity of 2 0.01296 vvith an 
output span of Z QV. The AD210's nonlinearity performance is 
shoven in Figure 12. 

Gaia Noniinearity vs. Output Sving: The gain nonlinearity of 
the AD210 varies as a function of total signal svving. NVhen the 
output svving is less than 20 volts, the gain nonlinearity as a 
fraction of signal sxving improves. The shape of the nonlinearity 
remains constant. Figure 13 shovs the gain nonlinearity of the 
AD210 as a function of total signal sving. Figure 14. Gain vs. Temperature 


GAIN ERROR - ppm ot Spon 
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Isolated Povver: The AD210 provides isolated pomer at the 
input and output ports. This posrer is useful for various signal 
conditioning taalts. Both ports are rated at a nominal :: 15V 

at SmA. I 

The loed characteristics of the isolated poveer supplies are shovn 
in Figure 15. For example, vhen messuring the loed rejection 
0f the input isolated supplies Vsg, (he lond is pleced betvreen 

4 Visg and — Viss. The curves labeled Vigs and Vogg are he 
individual load rejection characteristics of tbe input and the 
output supplies, respectively. 

There is also some effect on either isolated supply vvben loeding 
the other suppiy. The curve labeled CROSSLOAD indicates the 
sensitivity of cither the input or ourput supplies as a function of 
the load on the opposite suppiy. 


GCURRENY - mA 


Figure 15. lsoleteó Povver Supplies vs. Load 


Lastiy, the curves labeled Voss simultaneous and Viss simul- 
taneous indicate the load characteristics 0f the isolated povver 
supplies vehen an equal loed is pleced on both supplies. 

The AD210 provides short circuit protection for its isolated 
poveer supplies. V7hen either the input supplies or the output 
supplies arc shorted to input common or output common, re- 
spectively, no damage veill be incurred, even under continuous 
application of the short. Homever, the AD210 may be damaged 
if the input and output supplies arc shorted simultaneousiy. 


RIPPLE. mV pp 


LOAD - ma 


Figure 168. Isolated Supply Ripple vs. Load 
(External 4.74F Bypass) 


Under any circumstances, care should be taxen to ensure that 
the povrer supplies do not accidentally become shorted, 

The isolated porver supplies exhibit some ripple vhich varies as 
a function of load. Figure 16a shove this relatcaship. The 
AD210 has internal bypass capecitance to reduce the ripple to a 
point shere performance is not affected, even under full load. 
Since the internal circuitry is more semcitive to noise om the 
negetive supplies, these supplies have been fileered more heavily. 
Shouid a :pecific applicatisa require more bypassing on the 
isolated pomrer supplies, there is no problem vith edding external 
capecitors. Figure 16b depicte supply ripple as a function of 
external bypass capacitance under full load. 
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Figure 16b. Isolated Pover Suppiy Ripple vs. Bypass 
Capacitance (Volts p-p, MHz Bandvvidih, mA Load) 


APPLICATIONS EXAMPLES 

Noise Reduction in Data Acquisitioa Systems: Transformer 
coupled isolation amplificrs must have a carrier to pass both ac 
and de signals through their signal transformess. Therefore, 
some carrier ripple is inevitably passed through to the isolator 
output. As the bandvvidth of the isolator is increased more of 
the carrier signal veill be present at the output. Ín most cases, 
the ripple at the AD210's output vvill be insigificant vhen compared 
to the measured signal. Hovever, in some applications, particulariy 
vehen a fast anslog-to-digital converter is used folloving the 
isolator, it may be desirable to add filtering: othervise ripple 
may cause inaccurate measurements. Figure 17 shovvs a circuit 
that vvill limit the isolator's bandveidth, thereby reducing the 
carrier ripple. 


(an a ea 
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Figure 17. 2-Pole, Output Filter 
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Self-Povrered Current Source 

The output circuit shovm in Figure 18 can be used to create a 
selí-povered output current Source using the AD210. The 280 
resistor converts the voltage output 0f the AD210 to an equivalent 
current Voun/2X A. This resistor directiy affects the output gain 
temperature coefficient, and must be 0f suitable stability for the 
application. The external loy pover op amp, povered by - Voss 
and — Voss, maintains its summing junction at OUtput common. 
All the current floving through the 2XN resistor flovs through 
the output Darlington pass devices. A Darlington configuration 
is used to minimize loss of output current to the base, The lov 
lealcage diode is used to protect the base-emitter junction against 
reverse bias voltages. Using — Voss 28 a current return allovs 
more than 10V of compliance. Ofiset and gain control may be 
done at the input of the AD210 or by varying the 2RN resistor 
and summing a semall correction current directiy into the summing 
node. A nominal range of l-SmA is recommended since the 
Current output cannot reach zero due to reverse bias and leaiage 
currents. If the AD210 is povered from the input potential, this 
circuit provides a fully isolated, vvide bandvvidth current output. 
This configuration is limited to 5mA Output current. 


e19y. 


Figure 18, Self-Povvered Isolated Current Source 


Isolated V-to-l Converter 

lllustrated in Figure 19, the AD210 is used to convert a Ò to 

t 10V input signal to an isolated 4-20mA Output current. The 
AD210 isolates the O to 4 10V input signal and provides a prop- 
ortional voltage at the isolator's output. The output circuit 
converts the input voltage to a 4-20mA output current, vhich in 
tum is applied to the loop load Ri o4p- 


Figure 19. Isolated Voltaga-to-Current Loop Converter 


Isolated Thermocouple Amplifier 

The AD210 application shovm in Figure 20 provides amplification, 
isolation and cold-junction compensation for a standard J type 
thermocouple. The AD590 temperature sensor accurately monitors 


the input terminal (cold-junction). Ambient temperature changes 
from 0 to 440"C sensed by the AD590, are cancelled out at the 
cold-junction, Total circuit gain equals 183, 100 and 1.83, from 
Al and the AD210 respectively. Calibration is performed by 
replacing the thermocouple junction veith plain hermocouple 
vvire and a millivolt souree set at 0.0000V (0"C) and adjusting 
Ro for Eouyr equal to 0.000V. Set the millivolt souree to 

4 0.02185V (400"C) and adjust Ro for Vour equal to --4.000V, 
This application circuit veill produce a nonlinearized Output of 
about -t IOmV/C for a O to - 400"C range. 


"Ves "Ves e15y. 


Figure 20. Isoleted Thermocouple Amplifier 
The AD210, vhen combined vith a digital-to-analog converter, 
can be used to create a fuliy floating voltage output. Figure 21 
shoves one possible implementation. 
The digital inputs of the AD7541 are TTL or CMOS compatible. 
Both the AD7541 and ADS81 voltage reference arc pomered by 
the isolated pover suppiy £ Viss. lcom should be tied to input 
digital common to provide a digital ground reference for the 
inputs. 
The AD7541 is a current output DAC and, as such, requires an 
external output amplifier. The uncommitted input amplifier. . 
internal to the AD210 may be used for this purpose. For best 
results, its input offset voltage must be trimmed as shovn. 
The output voltage of the AD210 vill go from 0V to — J0V for 
digital inputs of O and full scale, respectively. Hovvever, since 
the output port is truly isolsted, Voyr and Ocom may be freely 
interchanged to get O to 4 10V. 
This circuit provides a precision 0-10V programmable reference 
veith a 2 3500V commnon-mode range. 


Figure 21. Precision Floating Programmable Reference 
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MULTICHANNEL DATA ACQUISITION FRONT-END 
Nlustrated in Figure 22 is a four-channel data acquisition front-end 
used to condition and isolate several common input signals 
found in various process applications. Ín this application, cach 
AD210 vill provide complete isolation from input to output as 
vvell as channel to channel. BY using an isolator per channel, 
maximum protection and rejectioa 0f unyeanted signals is obtained. 
The three-port design alloves the AD210 to be configured as an 
input or output isolator. In this application the isolators are 
configured 28 input devices veith the poveer port providing addi- 
tional protection from possible povrer souree faults. 

Channel 1: The AD210 is used to convert a 4-20mA current 
loop input signal into a 0-10V input. The 250 shunt resistor 
converts the 4-20mA current into a 4 100 to -- S00mV signal. 
The signal is offset by — l00mV via Ro to produce a 0 to 4 400mV 
input. This signal is amplified by a gain of 25 to produce the 
desired O to 4 I0V output. VVith an open circuit, the AD210 
veill shove. — 2.5V at the output. 

Channel 2: In this channel, the AD210 is used to condition and 
isolate a current ouiput temperature transducer, Model AD590. 
At 4 252C, the AD590 produces a nominal current of 298.24A. 
This level of current vill change at a rate 0f InAFC. At — 17.8"C 
(OF), The AD590 current vvill be reduced by 42.84.A to 
4-255.4pA. The AD580 reference circuit provides an equal but 


Figure 22. Multichannel Data Acquisition Front End 


opposite current, resulting in a zero net Current flov, producing 
a OV output from the AD210. At - 100PC (4 212F), the AD590 
current output vvill be 373.244 minus the 255.4uA offsetting 
current from the AD580 circuit to yield a 4 117.8uA input 
current. This current is converted to a voltage via Re ard Rg to 
produce an output of 4-2.12V. Channel 2 vvill produce an output 
0f 4 lOmV/F over a O to 4 212"F span. 


Channel 3: Chanoel 3 is a lov level input channel configured 
vith a high gain amplifier used to condition millivolt signals. 
VVith the AD210's input set to unity and the input amplifier set 
for a gain of 1000, a £ IOmV input vill produce a £ 1OV at the 
AD210's output. 


Channel 4: Channel 4 illustrates one possible configuration for 
conditioning a bridge circuit. The AD584 produces a 4 10V 
excitation voltage, vehile Al inverts the voltage, producing negative 
excitation. A2 provides a gain of 1000V/V to amplify the love 
level bridge signal. Additjonal gain can be obtained by reconfig- 
uration of the AD210's input amplifier. :: Viss provides the 
complete poveer for this circuit, eliminating the need for a separate 
isolsted excitation souree. 

Each channel is individually addressed by the multiplexer"s 
channel select. Additional filtering or signal conditioning should 
follovr the multiplexer, prior to an analog-to-digital conversion 
stage. 
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Pin Programmable 
Precision Voltage Reference 


l AD584" 


FEATURES 

Four Programmeble Qutput Voltages: 
10.000V, 7.500V, 6.000V, 2.500V 

Laser-Trimmed to High Accurecles 

No External Components Required 

Trimmed Temperature Coetficient: 
GppmPC mox, O to 4 70"C (AD584L) 
15ppmPC mex, — 68"C to - 1252C (AD584T) 

Zero Qutput Strobe Terminal Provided 

Tvvo Terminal Nogative Reteronce 
Capability (SV 8: Above) 

Qutput Sources or Sinte Current 

Love Qulescent Current: 1.0mA mex 

1OmA Current Output Copability 

MILSTO883 Compliant Versions Avalleble 


PRODUCT DESCRIPTION 

The AD584 is an eight-terminal precision voltage reference 
offering pin-prografnmable selection of four popular output 
voltages: 10.000V, 7.500V, 5.000V and 2.500V. Other out- 
put voltages, above, belovv or betvrecn the four standard out- 
puts, are available by the addition of external resistors. Input 
voltage may vary betvveen 4.5 and 30 volts. 

Laser V/afer Trimming (LVVT) is used to adjust the pin-program- 
mable output levels and temperature cocfficients, resulting in 
the most flexible high precision voltage reference available in 
monolithic form. 


In addition to the programmable output voltages, the AD584 
offers a unique strobe terminal v/hich permits the device to be 
turned on or off. V/hen the AD584 is used as a povver suppiy 
reference, the suppiy can be svvitched Off vvith a single, lovv- 
povver signal. In the "off'" state the current drain by the 
AD584 is reduced to about 10044. In the "on'' state the total 
suppiy current is typically 75OuA including the output buffer 
amplifier. 


The AD584 is recommended for use as 8 reference for 8-, 10- 
or 12-bit D/A converters vhich require an external precision ref- 
erence. The device is also ideal for all types of A/D converters 
0f up to 14 bit accuracy, either successive approximation or 
integrating designs, and in general can offer better performance 
than that provided by standard self-contained references. 


The AD584), X and L are specified for operation from O to 
470 C, the AD5845 and T are specified for the -55"C to 
41250€ range. All grades are pachtaged in a hermetically 
sealed eight-terminal TO:99 metal can: the AD584)J and X are 
also available in an 8-pin plestic DIP. i 


eProtected by U.8. Patent No. 3,897,2694 RE 30, 586 


PIN CONFIGURATIONS 


PRODUCT HIGHLIGHTS 

1. The flexibility of the AD384 eliminates the need to design- 
in and inventory several different voltage references. Further- 
more one AD584 can serve as several references simultane- 
ously vhen buffered properiy. I 

2. Laser trimming Of both initial accuracy and temperature 
coefficient results in very love errors over temperature vvith- 

" out the use of external components. The AD584LH has a 
maximum deviation from 10.000 volts of 47.25mV from 
0 to 470"C. 

. The AD584 can be operated in a tvro-terminal '"Zener" 
mode at 5 volts output and above. By connecting the input 
and the output, the AD584 can be used in this "Zener" 
configuration as a negative reference. 

, The output of the AD584 is configured to sinht or source 
currents. This means that small reverse currents can be 
tolerated in circuits using the AD584 vvithout damage to 
the reference and vvithout disturbing the output voltage 
(40V, 7.5 V and 5V outputs). 

. The AD584 is available in versions compliant vvith MIL- 
'STD-883. Refer to the Analog Devices Military Products 
Databool or current AD584/883B data sheet for de- 
tailed specifications. 
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AD584— SPECIFICATIONS ca va -tvozva 
i ESE va "at a 


QUTPUT VOLTAGE TOLERANCE 
Marimum Erroc" for Nominal 
Outputs of: 
10.000V è mV 
7.500V mv 
5.000V mV 
2.500V 825 mV 
OUTPUT VOLTAGE CHANGE 
Marimura Deviatico from 4 25'C 
Valiue, T mt 10 T qaea" 
10.000, 7.500, 5.000V Outpurs 
2.300V Quiput 
Diflerential Temperature 
CociTictents Betrereen Outputs 


QUIESCENT CURRENT : 
Temperoture Veriation 
'TURN-ON SETTLING TIME TOO. 196 


NOISE 
(O.1 to 10H2) 


LONG-TERM STABILITY 
SHORT-CIRCUIT CURRENT 


Dtmen ma) 


nn X 
ven 
Ll 


ISVs Via s 30V 
(Vour 2 2.5V)s Vas 15V 


LOAD REGULATION 
OsloursSmA, Al Quiputs 


OUTPUT CURRENT 3 
Viiz Vour 4 2.5V 
Source Q) 4 25C ó 
SOur0t T ma CO T mea 3 
SiNR T ei (O T qua 


TEMPERATURE RANGE 
Operatiag R 0 4270 0 420 3 
Siorage -65 4175 65 4175 -65 4175 


PACRAGE OPTION" 
TO-99(H-09A) ADSMJH . 
Plastic (N-8) ADS84JN 


NOTES —. 
As Pia d. Ò 

MCalculatad ts verge over the operting tempererare Age. METALIZATION PHOTOGRAPH 
MH a Mermetic Metal Can: N mo Plastic DIP. For pechage outline informatica et 

P Draelèria y Dimensions ehova ia haces and (mm). 
Specificationa mubiect to change eitbout motice. 


Specifications shovra ia boldface are tested oa ell productiva units at final eleceri- 
cal test. Results from thore testa are used to calculate cutgoing quality levels. All 
min and mas epecifications ere guaranteed, althougà caly tbcse Mor la 
boldíace ere tested ca al productica units. 


se 
. 
83 
6é 


ABSOLUTE MAX RATINGS 
Input Voltage Vi to GroUnd . . Qu s 40V 
Pover Dissipation GV 4 25C.—. . . . 4.44... ee GOOMYV 
Operating Junction Temperature Range. . . — SS"C to 4 125"'C 
Lead Temperature (Soldering 108ec) . . . . . . . . . 4 300"C 
Thermal Resistance 

Junction-to-Ambient (H-08A) . . . . . . . . . . . 15 CV 


NOTES 

'BO5M 10V PADO MUST 84 CONNECTEO TO THE OUTPUT. 

ONTERCONNECTIONS REQUIREO: BEB PIN DESONAVIONS POR INPORMATIOM. 

NOT PROUGMT OUT IN PACRAGE DEVICS. 

PAD NUMBERS CORROSPOND TO PIN MUMBERS POR THE 70-09, 0.000 METAL PACRAQE 


REFERÈNCIES DE VOLTATGE — 


Model ai 
Mia Bes Max 
QUTPUT VOLTAGE TOLERANCE 
Maximum Error" for Nominal 
Qutputs 0í: 
10.000V 
7.500V 
5.000V 
2.500V 


OUTPUT VOLTAGE CHANGE 
Maximum Deviaton from 4 25"C 
Valve, T més CO T mat 
10.000, 7.500, 5.000V Outputs 
2. S00V Output 
Differental Termperature 
Coefficients Betercen Outputs 


QUIESCENT CURRENT ha ei 
Temperature Variaton 


TURN-ON SETTLING TIME TO 0. 194 


NOISE 
(0.1 to 10Hz) 
LONGTERMSTABILITY Reet omesamés 


SHORT-CIRCUIT CURRENT Le ial 


LINE REGULATION (No Loed) 
1SV3 Vius 30V 0.002 0.002 
Vour 4 25V)5Vis 15V 0.005 0.005 


LOAD REGULATION : 
Os lourS5mA, All Outputs 
OUTPUT CURRENT 
Viva Vour 4 2.5V 
Source G 4 25'C 
SOUICE T mia 1O T mas 
Sin) T qaja 10 T mea 


TEMPERATURE RANGE 
Operaúng 
Storage 


PACRAGE OPTIONS" 
TO-99 (H-08A) 


NOTES 

tAtPin l. 

ICalculated es average over the operating temperature range. 

)H a Hermetic Metal Can. For outline information see Pachage Lnformation section. 
Specifications subject to change vritbout potice. 


Specifications iboren in boldface are tested on all production units at final electri- 
cal test. Results from tboec tests are used to calculate outgoing quality levels. All 
min and max specifications are guaranteed, altbough only those tbovm in 
boldínce are tested 0n all production units. 
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AD584 
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Ú Performance of the AD584 


PERFORMANCE OVER TEMPERATURE 

Each AD584 is tested at three temperatures over the -55PC to 
41257C range to ensure that cach device falls vvithin the Maxi- 
mum Error Band (see Figure 4) specified for a particular grade 
(i.e., S and T grades), three-point measurement also guaran- 
tees performance vithin the error band from O to 470"C (i.e., 
J, R, or L grades). The error band guaranteed for the AD584 
is the maximum deviation from the initial value at 425ÍC. 
Thus, given the grade of the AD584, the designer can easily 
determine the maximum total error from initial tolerance plus 
temperature variation. For example, for the AD584T, the 
initial tolerance is £1OmV and the error band is £15mV, 
Hence, the unit is guaranteed to be 10.000 volts £25mV from 
-85C to 4125ÍC. 


vo ces 


ors 
- . Ll m 13 
TEAPERA TURE - "C 


Figure 4. Typical Temperature Characteristic 


OUTPUT CURRENT CHARACTERISTICS 

The AD584 has the capability to either source or sinh current 
and provide good load regulation in either direction, although 
it has better characteristics in the source mode (positive cur- 
rent into the load). The circuit is protected for shorts to either 
positive supply or ground. The output voltage vs. Output cur- 
rent characteristics of the device is shovmn in Figure 5. Source 
current is displayed as negative current in the figure: sinh cur 
rent is positive. Note that the short circuit current (i.€., Zero 
volts output) is about 28mA: vrhen shorted to 415 volts, the 
sinx current goes to about 20mA. 


OUTPUT 
VOLTAGE 


OUTPUT CURRENT — mA 


Figure 6. AD584 Output Voltage 
vs. Sinh and Source Current 


DYNAMIC PERFORMANCE 

Many love povver instrument manufacturers are becoming in- 
creasingiy concerned vvith the turn-on characteristics 0f the 
components being used in their systems. Fast turn-on compo- 
nents often enable the end user to heep povver Off vvhen not 


needed, and yet respond quiclely vhen the povrer is turned on 
for operation. Figure 6 displays the turn-on characteristic of 
the AD584. Figure 6a is generated from cold-start operation 
and represents the true turn-on mvaveform after an extended 
period vvith the supplies off. The figure shovvs both the coarse 
and fine transient characteristics Of the device, the total settling 
time to vithin 10 millivolts is about 180js, and there is no 
long thermal tail appearing after the point. 


tv 


OUTPUT 
10V 
Led 
PORNER 
BUPPLY 4 10V 


0 80 100 160 200 20 
BETTLIMO TME — ma 


Figure 6. Output Settling Charecteristic 


NOISE FILTERING 

The bandvvidth of the output amplifier in the AD584 can be 
reduced to filter the output noise. A capacitor ranging betiveen 
O.O1UF and O.1uF connected betvveen the Cap and Vpgg termi- 
nals vvill further reduce the vvideband and feedthrough noise 
in the output of the AD584, as shovn in Figure 8. Hovvever, 
this vvill tend to increase the turn-on settling time of the 
device so ample vvarm-up time should be allovved. 


SUPPLY 


Figure 7. Additionel Noise Filtering 
vvith en External Capacitor 


Figure 8. Spectral Noise Density and Total ns Noise 
vs. Frequency 


Applying the AD584 


APPLYING THE AD584 

VVith povver applied to pins 8 and 4 and all other pins open the 
AD584 vvill produce a buffered nominal 10.0V output betrveen 
pins 1 and 4 (sce Figure 1). The stabilized output voltage 

may be reduced to 7,5V, 5.0V or 2.5V by connecting the 
programming pins es follovvs: 


OUTPUT VOLTAGE PIN PROGRAMMING 
7.5V Join the 2.5 V and 5.0V pins (2) 
and (3). 
5.0V Connect the 5.0V pin (2) to the 
output pin (1). 
2.5V Connect the 2.5V pin (3) to the 


output pin (1). 


The options shovvn above are available vvithout the use Of any 
additional components. Multiple outputs using only one 
AD584, arc also possible by simply buffering each voltage 
programming pin vrith a unity-gain noninverting Op amp. 


LBV TAP IB USCO INTRAMALLY AS A DLAS PONT 


ne 
AND EMOULD MOT BE CMANQ ED 8Y MORE TMAN MOOmV 
Ma ANY TRIM CONP IG URA TION, 


Figure 1. Variable Output Optlons 


The AD584 can also be programmed over a vride range Of Out- 
put voltages, including voltages greater than 10V, by the ad- 
dition of one or more external resistors. Figure 1 illustrates 
the general adjustment procedure, vrith approximate values 
given for the internal resistors of the AD584. The AD584 may 
be modeled ns an op amp vvith a noninverting feedbach con- 
nection, driven by a high stability 1.215 volt bandgap refer- 
ence (see Figure 3 for echematic). 


V/hen the feedbacic ratio is adjusted vvith external resistors, the 
output amplifier can be made to multiply the reference voltage 
by almost any convenient amount, maling popular outputs of 
10.24V, 5.12V, 2.56V or 6.3 V easy to obtain. The most gener- 
al adjustment (mhich gives the greatest range and poorest reso- 
lution) uses Ri and R2 alone (sec Figure 1). As RI is adjusted 
to its upper limit the 2.5 V pin 3 vrill be connected to the out- 
put, vehich vvill reduce to 2.5V. As RI is adjusted to its lover 
limit, the output voltage vvill rise to a value limited by R2. For 
example, if R2 is about 6h4 52, the upper limit Of the output 
range vvill be about 20V even for large values of R1. R2 should 
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not be omitted: its value should be chosen to limit the output 
to a value vvhich can be tolerated by the load circuits. If R2 is 
tero, adjusting R1 to its lovver limit vvill result in a loss of 
contzal over the output voltage. If precision voltages are re- 
quired to be set at levels other than the standard Outputs, the 
2096 absolute tolerance in the internal resistor ladder must be 
accourmted for. 


Alternatively, the output voltage can be raised by loading the 
2.5V tap vvith R3 alone. The output voltage can be lovvered by 
connecting R4 alone. Either of these resistors can be a fixed 
resistor selected by test or an adjustable resistor. in all cases 
the resistors should have a lovv temperature coefficient to 
match the AD584 internal resistors, vhich have a negative T.C. 
less than 60ppm/ C. If both R3 and R4 are used, these resistors 
should have matched temperature coefficients. 


V/hen only small adjustments or trims are required, the circuit 
0Í Figure 2 offers berter resolution over a limited trim range. 
The circuit can be programmed to 5.0V, 7.5V or 10V and 
adjusted by means of R1 over a range of about t200mV, To 
trim the 2.5 V output option, R2 (Figure 2) can be reconnected 
to the bandgap reference (pin 6). In this configuration, tbe 
adjustment should be limited to £100mV in order to avoid 
affecting the performance of the AD584. i 


Figure 3. Schematic Diegram 
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AD584 — Applications 


USING THE STROBE TERMINAL 

The AD584 has a strobe input vehich can be used to zero the 
output. This unique feature permits a variety of nev/ applica- 
tons in signal end povver conditioning circuits. 

Figure 9 illustrates the strobe connection. A simple NPN 
svvitch can be used to translate a TTL logic signal into a strobe 
Of the output. The AD584 operates normally vrhen there is 
no current dravn from pin . Bringing this terminal lovv, to 
less than 200mV, vvill allovv the output voltage to go to zero. 
in this mode the AD584 Mhould not be required to souree Or 
sini current (unless a O.7V residual output is permissible). If 
the AD584 is required to sinh a transient current vrhile strobed 
OfÉ, the strobe terminal input current should be limited by 8 
1008 resistor as shovn in Figure 9. i 


The sgrobe terminal vvill tolerate up to SUA leaxage and its 
driver should be capable of sinhing SOOUA continuous. A lovv 
lenicage open collector gate can be used to drive the strobe 


terminal directiy, provided the gate can vrithstand the AD584 
output voltage plus one volt. 


Figure 9. Una of the Strobe Terminel 
PRECISION HIGH CURRENT SUPPLY 
The AD584 can be easily connected to a povver PNP or pov/er 
Darlington PNP device to provide much greater output current 
capability. The circuit shovn in Figure 10 delivers a precision 
10 volt output vith up to 4 amperes supplied to the load. The 
O.1uF capacitor is required only if the load has a significant 
capacitive component. If the load is purely resistive, improved 


high frequeney supply rejection results from removing the 
capacitor. 


Va 2 18 Vetu O 


470n 


Figure 10. High Current Precision Supply 


The AD584 can also use en NPN or Darlington NPN transistor 
to boost its output current. Simply connect he 10V output 
terminal of the AD584 to the basc Of the NPN booster and tale 
the output from the booster emitter as shovvn in Figure 11. 
The 5.0V or 2.5V pin must connect to the actual output in 
this configuration. Variable or adjustable outputs (25 shovn in 
Figures 1 and 2) may be combined vvith 45.0V connectjon to 
Oobtain outputs above 45.0V. 


RAVI EUPPLY (MV D Vour) 


Figure 11, NPN Output Current Booster 


THE AD584 AS A CURRENT LIMITER 

The AD584 represents an alternative to current limiter diodes 
vhich require factory selection to achieve a desired current, 
Use of current limiting diodes often results in temperature 
coeficients of 185/C. Ute of the AD584 in this mode is not 
limited to a set current limit: it can be programmed from 0.75 
to SmA vith the insertion of a single external resistor (sec 
Figure 12). Of course, he minimum voltage required to drive 
the connection is 5 volts. 


Figure 12. A Tivo-Component Precislon Current Llmiter 


NEGATIVE REFERENCE VOLTAGES FROM AN AD584 
The AD584 can also be used in a co-terminal "zener" mode 
to provide a precision 0, -7.5 or -5.O volt reference. A$ 
shovn in Figure 13, the ViN and Vour terminals are con- 
nected together to the positive supply (in this case, ground). 
The AD584 common pin is connected through a resistor to he 
negative supply. The output is nov taxen from the common 
pin instead of VoUT: Vrith ImA floving through the ADS84 in 
this mode, a typical unit vill shom a 2mvV incrense in output 
level over that produced in the three-terminal mode. Note also 
that the effective output impedance in this connection in- 
creases from 0.283 typical to 292. lt is essential to arrange 

the output losd and the supply resistor, Rs, 80 that the net : 
current through the AD584 is alvvays benvveen 1 and SmA 
(benvecn 2 and $mA for operation beyond 485 C). The 
temperature characteristics and long:term stability of the 


ANALOG 
QNO 


-16V 


Flgure 13. Tuvvo-Terminel -6 Volt Reference 


device vvill be essentially the same as that of a unit used in the 
standard three-terminal mode, 


The AD584 can also be used in a tvvozerminal mode to develop 


a positive reference. Vny and VouyT are tied together and to 
the positive supply through an appropriate supply resistor. The 
performance characteristics vvill be similar to those of the neg- 
ative tvvo terminal connection. The only advantage of this con- 
nection over the standard three-terminal connection is that a 
lovver primary suppiy can be used, as lovY as O.5 volts above 
the desired output voltage. This type of operation vvill require 
considerable attention to losd and primary supply regulation 
to be sure the AD584 alvays remains vvithin its regulating 
range of 1 to $maA (2 to mA for operation beyond 85"C). 


10 VOLT REFERENCE MITH MULTIPLYING CMOS D/A 
OR A/D CONVERTERS 

The AD584 is ideal for application vvith the entire AD7520 
series Of 10- and 12-bit multiplying CMOS D/A converters, 
especially for lovr povver applications. It is equally suitable for 
the AD7574 8-bit A/D converter. In the standard hooh-up as 
shovan in Figure 14, the standard output voltages are inverted by 


CONTROL AMP 
SUMMINO XÇ 
aNCTION Y 4 


1000, 167 
BIPOLAR Of FSE T ADJ 


24 29 24 PO NO MO MT OM 


A s ANALOG GROUNO 
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AD5864 


the amplifier/DAC configuration to produce converted voltage 
ranges. For example, a 110V reference produces 8 O to -10V 
range. lí an AD308 amplifier is used, total quiescent supply 
current vvill typically be 2mA. The AD584 vrill normally be 
used in the -10 volt mode vrith the AD7574 to give a O to 410 
volt ADC range. This is shovvn in Figure 16. Bipolar output 
applications and other operating de tails can be found in the : 
data sheets for the CMOS produets. 


et0Vv 


DIT 4 Ma80) Rpagogaca 


BiT 10 (188) 


Figure 14. Lov Pover 10-BR CMOS DAC Application 


PRECISION D/A CONVERTER REFERENCE 

The AD562, lixe many D/A converters, is designed to operate 
vvith a 410 volt reference element (Figure 15). In the AD562, 
this 10 volt reference voltage is converted into a reference cur- 
rent Of approximately O.5maA via the internal 19.95183 resistor 
(in series vrith the external 10082 trimmer). The gain tempera- 
ture coefficient of the AD562 is primarily governed by the 
temperature traciing of the 19.95X52 resistor and the 51/101 


UNIPOL AR 


Flgure 16. Precldon 12-Bit D/A Converter 
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AD584 


span resistors: this gain T.C. is guaranteed to 3ppm/C. Thus, 
using the AD584L (at $ppm/" C) as tbe 10 volt reference 
guarantees a màximum full scale temperature coefficient of 
8ppm/'C over the commercial range. The 10 volt reference 
also supplies the normal imA bipolar ofíset current through 
the 9.95 bipolar offset resistor. The bipolar offset T.C. thus 
depends only on the T.C. matching Of the bipolar offset resis- 
tor to the input reference resistor and is guaranteed to 3ppmf'C. 
Figure 17 demonstrates the flexibility Of the AD584 applied 
to another popular D/A configuration. 


DIGITAL 


NOTE 1: RI ANO R1 CAN BE OMITTEO 1 GAIN TA MI 
18 NOT REQUIRLO 


Flgure 16. AD684 ea Negotive 10 Volt Roference for 
CMOS ADC 


' i 


Vage (8) 


Ri6e A1B 


R 


Figure 17. Current Output 8-BIt D/A 
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STRAIN GAGES 


ES Series Semiconductor Strain Gages 


Entran semiconductor strain gages are the primary sensing elementin thousands ol transducers around the vorid and are constantiy employed by engineers 

and scientists for model studies and field test experimentation. Processed from P-type silicon in orientations vhich provide maximum sensitivity to applied 

strain, they are available in both "bar" and "U" shaped contigurations. All Entran semiconductor strain gages are fabricated viith high quality, first-grade 

materials and pure goldleads for maximum reliability. Aregs as small as '4" (3.2mm) in diameter can be gaged vvith a tully active four arm bridge. Apply them 

8 tar. Or tate advantage of our Gageing Service in the USA or Europe. A Gageing Tool 8 Supply Hitis also available, model ES-TSHIT 1: Tvreezers, Fine 
rush, Bonding Agent and other supplies for prototype gageing and soldering. 


Me MATCHED SETS OF 4 UNMATCHED BULX SETS OF 10 
OBERT) 


ten rera 


GF nom. (VF) Gagofactor, EE 154 


(SRRIMEI T0'F to PF 
CR nom. Thermal Coetficient ol Resistanca, Es (MCIoTTC) 


SGF4t3m TO'F to LO F 
Tura Gori GR E: e" erota me) 


0 1OODje recommended —0-3000ju maximum 


0-25mv recommended — SOmy maximum 


-AQOPF to 16001F (-T3PC 10 315'C) 


Gold, 0.015" diameter x 0.25" lengih min. (0. 088mm dia. x 6.35mm) 


YOUNG'S MODULUS 
MATTAGE 


PSENSITIVITY(Vo) 
BONDING 


per DatraN SMI IN IVINAIO $ Tmaremiliivratt VEquatons assume ddge mih adjacent tension and compreamon arma lor paditrve outputs. YThe actual values ot TCA and TCGF greatty 
depend upon excitation voltage, heat sinaing. temperature ol use. MOUNtNg and prestraun and catalog valves shouid not be used 88 absolute numbers tor calculation Of Gata tot experimental 0r 
Gesgn usa TCA and TCGF. vere imporiant. must ba calibrated after Qaga mOUNtNÇ 


E:27x108 psi (1 9x1049/cm3) 


Vlatts: (Voltaga on Gagel:/(Gage Resistance) 


Voltage Out: 'e(No. Active Arms) (Gaga Factor) (Strain Level) (Excitanon Voltage) 
example. Fully acuve 4 Arm Bndge. GF :130. S00yu, $V Exc. Voz4 (4) (130) (SOOx10 8) (SV): 329mV 


A0piy tan Epony precoet for icincal aolabon. Ten appiy bonding coa o subirte, place gage (Mnding by ts Hads on) o vol epory and aign Gage s heid mn 
posrbon by surtace IBns0n ny DO NOT a90N vesghts or forca, ts a may damage Te qage. Micro Measurements M-Bond 610 or equimajents are recommended 
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6 SERIES FOIL STRAIN GAGES 


Phenolic Carrier 


1 MEASURING GRID —Ò HIGHLIGHTED MODELS STOCXED FOR FAST DELIVERY 4 


Type Series Diagrams to actual size 


LG11 HBM0.6/120LG 11 8103.00 120 06.10. 5 32 15 10 
Ra acci de EA EET HBM 1.5/120LG 11 — 73.00 120 15 12 65 47 4 10 2 
HBM 3/120LG11 67.50 120 3 14 83 47 6 10 24 
HBM 8/120LG11 79.00 120 6 728 128 63 1 10 4 
HBM 10/120LG11 82.50 120 10 49 185 95 18 10 5 
HBM 3/350LG 11 6750 350 3. 15 83 47 9 10 X23 
e Ribbon Leads a HBM 6/350LG11 67.50 350 6 29 128 6.3 46. 10 ZD 
Parallel to Grid rei HBM 10/350LG 11 95.50 350. — 10. — 5.0. 185 95 26 to X5 
1 HBM0.6/120LG 13 103.00 120— 06 10 5 32 15 10 1 
ac OO HBM15/120LG 13 73.00 120 15 12 65 47 4 10 2 
L 4 HBM 3/120LG13 8750 120 — 3 14 83 47 6 10 3 4 
4 d Es HBM 6/120LG13 79.00 120 6 728 128 63 1 10 4 
i 2 3 4 $ HBM 10/120LG 13 82.50 120. 10 49 185 95 18 10 5 
HBM 3/350LG 13 67.50 350 — 3. 15 83 47 9 10 X3 
cados REER HBM 6/350LG 13 67.50 350 6 729 128 63 15 10 X4 
mmendie aluminum nithaa 29:10" 9ACI12.TppmeF) HBM 10/850LG 13. 95.50 350. 10 50 185 95 26 10 X5 
—af—e Ribbon Leads 
1 Perpendicular to Grid, 


2 
i TE 
hi L 
El HBM 0.6/120LG 21 86.00 120 0.6. 0.7 35 64 15 10 1 


LG 21 HBM 1.5/120LG 21. 69.50 12015 16 47 83 4 10 
Tomperature characterstic HBM 3/120LG21 75.00 120.3 33 75 10 8.5 10 3 4 
matched to steel vitha a 11: 107 91C/6.1 ppm/eF) HBM 86/120LG21 73.00 120. — 6 65 MM 16 17 10 4 
e 902 Axis Double Strain Gage 
Ribbon Leads 
al 
vasr-T) Fi 
1 
ac 
a 
Es l HBM 1.5/120XG 11 103.00 120 — 15 16 103 57 5 5 1 
L i Ò HBM 3/120XG11 86.00 120. 3 3.4 143 75 8 5 2 
I i HBM 6/120XG 11 9750 120. 6 6.8 235 108 16 5 3 
xG11 HBM 3/350XG 11 90.00 350.3 33 144 73 10 s 2 
Temperature characteristic 
matched to steel mtha x 11: 107 (6.1 ppmbeF) HBM 6/350XG 11 114.50 350. — 3 6.5. 23.3 105 20 5 R3 
e 452 Axis for Torque 
Measurements , 
Ribbon Leads ri si 
mil À 
tam d Si) HBM 15/120XG 21 103.00 120 15 25 76 63 35 5 1 
1 
2 Ò HBM 3/120XG21 86.00 120.3 53 112 95 6.5 5 2 
XG21 HBM 6/120XG21 9750 120 6 10 175 127 14 5 3 
Temperature characteristic 
7à Da iaia dat ae ra Di DES HBM 68/3580 XG 21 11450 350 6 10 175 187 21 5 R3 


Miniature VVaterproot Strain Gages NEVV 


RFVVS 


I 
E— 


"Foil Strain Gages 


RFR 


e Soft veaterproot resin ensures easy 
bonding onto a curved surtace. 
e Gaga length: 2mm 


e Appticable linear expansion coeficient: 


11 xi0 PC 
e Pattems: Uniaxial, biaxial (09) 
o Lesdvrires: 3m long 


ing temperature range ot —196 to 
41800C (vvith adhesive PC-6) 


IT TT" o Palterns: Uniaxial, triaxial (452909), 
TTITTI uniaxial Selement 
Gaga lengi 0.15mm e Applicable linear expansion coefficients: 
Unmanal S'element 11, 16, 23 x10 "PC 
High-Temperature Foil Strain Gages 
RFH e VVorfing temperature range: 


— 196 tO 4 2509C (vith adhesiva PCB or 


P 32 
ad o Gage lengths: 0.2, 0.5, 1, 2, Smm 
-MÚBRIECZ - DD... o Patlerns: Uniaxtal, biaxial (450800) 


11, 16 x10 PC 


o Reversible gages vhich ensure improv- 
ed accuracy ot temperature compensa- 


tion, are available. 


High-Temperature Foll Strain Gages 
RFU 


—. 2 VVoriing temperature range: 
E 33 eur - 196 t0 4 3500C mith adhesive P32) 


o Gaga lengths: 2. mm 


e Patterns: Umaxial, biaxial (909), tnaxial 


(452800) 


e Applicable linear expansion coelticients: 


11, 18, 23 x10 PC 
Capsule Type High-Temperature Gage 


RHC o VVorxing temperature range: 
Qto 45500C 
e Gage lengths: 5, 10, 20mm 


Ha ————— SUS321 
e Pattern: Uniaxial 2-element 
11, 16 x10 "PC 


e VVith a spotavelded J-conductor MI 
Cable, 2m long 


I Lovr-Temperature Foil Strain Gages 
RFL 


EE —— 
La 


— 1969C (mth adhesive CC33A or 
UC-26/27A) 


e Palterns: Uniaxial, tnaxial (452902) 


5, 11, 16 x10 "PC 


e Polyimide resin carrier matrix. A vvoric- 


e Gage lengiths: 0.15, 0.2, 0.5, 1, 2, mm 


:.e Applicable lingar epansion coefficients: 


e Matenals used: SUS316, inconel 600, 


e Applicable linear expansion coelficionts: 


e Usable at lovr temperatures doven to 
— 28890C (vath adhesiva PC6 or P132 or 


a Gage lengths: 0.2, 05, 1, 2. 5, Jomm 


e Applicable lingar expansion coetticients: 


Ultrahigh-Elongation Foil Strain Gages 
RLM, XFE 


tes a — 
APT a mg nem ara na nega 


dl e Gage lengths: 2, Smm 
e Pattems: Uniaxial, biaxial (009), triaxial 
(4501909) 


VVaterproof Strain Gages 


(—: e Usable outdoors or under vvater (100 
o dent —a eo POUS MiN. UNdE 8 Vrator Pressure ol 
lies 100hg 


e Patterns: Uniaxial, biaxial (009), triaxial 
(459, 909) veith 2 leadvrires each, uniaxial 
-— veith 3 leadvvires 


e Applicable linear expansion coetficients: 
10, 16, 23 x10 "PC 
e Gage tengths: 2, Smm 
Strain Gages tor Concrete Ó 
XC (PhesteryXFG (Phenol/Expoly Foil) 


eo XC Sertes (vvire gages) 


EE E—— ol Gage lengihs: 70, 80, 1Omm 
e Pattern: Uniaxial 


El e IXFG Sortes (foil gages) 
EE ——— , Gaga lengths: 10, 20, SOmm (sultable for 
Concrete apptication) 

e Patterns: Uniaxial, blaxial (909), triaxial 
(450909) 


Semiconductor Strain Gages. 


e Semiconductor is used for the resistive 


element, theroby providing several ten 
times higher sensitivity than that ot foil 


gages. 
e Gage lengths: 1, 2, 3, 4, 7, Amm 
e Patterns: Uniaxial, biaxtal (909) 
e Types vvith no base sheet available. 


e Non-magneto-resistive gages 
o Shieided gages 

e Strain gages lor plastics 

e Bending strain gages 

e Embedóing Strain gages 

e Nonunductive strain gages 


e Residual stress measuring gaçes 
e Gages for bending correction 

o Temperature gages 

o Strain gages vvith protector 

o Crach gages 

e X value gages 


Coating Agents, Adhesives 8: Gage Terminals 
s Conting Agents: Mousture-prooting agents used to coat gages and gage 
terminals. VVax, rubber, and putty types are available. 


- Achosives: A vanety of adhesives are avaitable for selection to best meet 
measurement objects, gage matnxes, and measurement requirements, 
thereby leading to accurate measurement results. 

o Gege Terminals: Used to protect gage leads at the connections ol gage leads 
and gages. Availabie in variety materials and shapes 


a a al 
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INECO 


em RETTE 
CELULAS DE CARGA— LOAD CELLS 


MODELO 130 


CELULA DE CARGA DE FLEXION 
SOPORTE ELASTICO DE COBRE-BERILIO ALEADO 


3000 DIVISIONES O.I.M.L. CLASE C 
e PROTECCION CONTRA HUMEDAD AMBIENTE HASTA 95" (C.N) 
e GRAN PRECISION CON CARGAS DESCENTRADAS (TABLA 1) 


PROTECCION BIDIRECCIONAL INTEGRADA 
de sombecintas. FEMRADAS (OA Proa NS E40N6:) 


o BENOING BEAM LOAD CELL 

o MEASURING ELEMENT FROM BERYLLIUM- COPPER AL LOY 
o 3000 DIVISIONS O.l.M.L. CLASS c 

o PROTECTED AGAINST HUMIDITY UP TO 9511, (NC) 

o HIGH ACCURACY VITH OF F-CENTER LOADS (TABLE 1) 


o INTEGRATEO ON2CENTER BIDIRECT IONAL 
R. RG. 
OVERLOAD PROTECTION (44) cares apa CI) 


I Ge 15-10-15-20-30-40-50-60 RG. NOMINAL CAPACITIES (Un) 


CARGAS MINIMAS (L min) 
CARGAS MARIMAS (L max) 
CARGAS LIMITE (Lim) 


On 
1504. Ln 8 
20091 Ln ve 


MINIMUM DEAD LOADS (L min.) 
MAXIMUM LOADS ( Lq man) 
SAFE LOAD LIMIT (L im.) 


NON LINEARITY 


MYSTERESIS ERROR 
REPEATABILITY ERROR 


ERROR LINEALIOAD 
ERROR HISTERESIS 
ERROR REPETIBILIDAO 


CE Q015'he Sn 
C1 0.02 "h Sa 
CEQ01 'h Sn 


EFECTO DE LA TEMPERATURA: 
EN EL CERO 
EN SENSIBILIDAD 


TEMPERATURE EFFECT: 
ON ZERO 
ON SENSITIVITY 


CL002 "ha Sat 
CL 000611, Sal SR 


o CREEP: 


30 MINUTOS C4 0016 "Le Sa 30 MINUTES 
4 HORAS CL005 "Sa 4 HOURS 


COMPENSACION TEMPERATURA -109C. 2409 C TEMPERATURE COMPE NSATION 
LIMITES TEMPERATURA —200C. 4509 C 


TEMPERATURE LIMITS 
ALIMENTACION 


SENSIBILIOAD NOMINAL (Sn) 
RESISTENCIA DE ENTRADA 


ERROR COMBINADO 
ERROR OE FLUENCIA: 


COMBINED ERROR 


EXCITATION 
SENSITIVITY (Sn)OUTPUT AT tn) 
INPUT IMPEDANCE 


10V (Mar 15V) 
2a vv ESO 1a J EO le 
3939 t15N 1£25N. 


RESISTENCIA DE SALIDA 350At3N OUTPUT IMPEDANCE 
OESEQUILIBRIO INICIAL Ci2.Sn NO LOAD QUTPUT 
RESISTENCIA AISLAMIENTO 2 5000 MN INSULATION 


DE FORMACION MAXIMA (A La) 


Eu CARGA CFMTRANA SORAF La Prima vn Papa cantat FreENTaICAS 


MAXIMUM DEFLECTION CAT tn) 


SMS MODELO 130 
INECO Dimensicnes en mm. a I FORÇA - 9 


pe—3y3y——e — PVC cable $41 08 m long 


CARGA NOMINAL (4G) 
NOMINAL LOAD (HG) 
6-7.5-10-15-20-30 
40-50-60 


NEGRO - BLACR 
AMARILLO - YELLOV 


BLANCO - VHITE 


í 
QUTe 
ROJO-REO 


A2UL - BLUE 
VCDNE - CREEN 
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SENSOR DE CARGA Modelo: SCT 


Alimentación (4VCc) Marròn Brovyn Excitation (4) 
Sense (4) Rosa Pint. Sense (4) 
P2 Ph Sense (-) Gris Gray Sense (-) 
Alimentación (-Vcc) Blanco Vvhite Excitation (-) 
24 mm ses 1/6 j. Sebal 4) Verde Green Signal (4) 
———— io Senalt-) Amàrnllo Yellovy Signa 1 
I ar ue CABLE LONGI TU J.S n 
aj 
i i 1 
Ed APLICACION TIPO 
d5 mm I i es PES) 
I: I I EL ay bena, 
i I Í 
Lc gerene CON LS M-/6 
ds rems ea 
I dm i H Ú 1 d 
i tara er OO ATACCOMA E C: 
de M-l6 / 


v PPA 
da CI 


Células de cargà a compresión y tracción para I 
su utilización en plataformas de carga. 


CAPACIDAD PARA: 508/1000/1500 Rg. 


destecn, 
LL PAS TS 


Tensión de excitación / Excitation 


CARACTERISTICAS TECNICAS 
TECHNICAL CHARAC TERISTICS — 


10 Vec 
Sensibilidad / Sensitivity 2 (MV) 
Ajuste de sersibilidad / Sensitivity adjustment 0.1 9o 
No linealidad / Non linegrity 0.015 20 FE 
Histeresis / Hysteresis 0,02 29 FE 
Error combinado / Combined error 0,02 Yo FE 
Repeibilidad / Repeatability error 0,01 Yo FE 
Fluencia en 30 min / Creep 30 minutes 0,03 20 FE 
Deriva tèrmica de cero / Temperature effect on zero CA0,002 90 FE 
Salida sin carga / No load output... el 9b FE 


Resistencia de aislamiento (M Q) / insulation resistance (M Q).... 


.. 25.000 50 Vcc 


Resistencia de entrada / Input resistance .... sem 875 £ N0Q) 
Resistencia de salida / Output resistance...... 350 Q 
Temperatura de operación / Service temperature range.. : 10 2C 4 40 2C 
Carga màxima / Maximum load ................. 150 2b 


Carga límite / Safe load limit 


200 9e 


PIEZOTRONICS 


This microphone features bullt-in amplifier, compensating 
accelerometer, and ultra-high sensitivity (1500 mV/psi). lt 
moasures translent events, turbulence, and other such 
acoustlc phenomena on a varlety of test objects and 
models. 


Developed by a leading aeronautical research laboratory, this 
sophisticated sensor has played a major role in the develop- 
ment of moon roctets, supersonic bombers and modern 
vveapon systems. Available in tvro standard ranges and tvyo 
contigurations, (pigtail and micro connector), this tiny instrument 
functions to transfer dynamic and short term static pressures 
into high level, lovv impedance analog voltage signals. lt is 
structured vvith ceramic crystal elements, a microelectronic 
amplifier and an accelerometer to virtually cancel out vibration 
sensitivity. A thin, recessed Invar diaphragm and a bender 
mode crystal element adapt it for very lov pressure measure- 
ments in adverse shoct, vibration and thermal environments. 
VVith a rise time ot less than one millisecond, Model 103A veill 
taithfully follovy transient events up to several hundred milli- 
seconds duration, such as a step function calibration pressure. 

As illustrated, the Model 103A installs in several vays: 
adhesive, clamp nut and servo-clamp. Dental cament has 
proven to be a practical adhesive on aerodynamic models. 
Model 103A electronics operates over 2 vvires, vvhich conduct 
both signal and pover. A variety of PCB povrer units function to 
energize the sensor and debias the output. A third vvire vents 
the inside of the sensor. 


TVPICAL SYSTEMi 


Solder Connection 


ll 


Cable 007B10 
(Ribbon Vvire) 


Povver Unit 
480006 


Readout 
(Pot supplied) 


h Ia hi calibration 


1.0 psi step (7RPa) 


INSTALLATION 


me EDOXY: OT 
similar 
, adhesive 


7/16 Hex, 1/2-20 Thd Clamp Nut 
——— 060A10 (103402, A12) 
060404 (103A, A11) 


. 125Dia. ,: 
GE Pont 


E TER R SOUND PRESSURE - 
Nre MICROPHONE RES So er a 
RES el veith bulit-in amplifier 
' Series 103A 


3708 LE EE Model 103A 8: 103411 


103A A 
MORERA aoe ma dl b— 
Pressure 
Orifica Le 

103A 103A11 
SPECIFICATIONS: Model No. 103402 103A12 
Range (3V output) psi (dB) (2 (177) 6 (186) 
Maximum Pressure psi j 25 30 
Resolution (304V elect. noise) "dB (psi) / 78 (0.00003)j 88 (0.00007) 
Sensitivity (nominal) mV/psi (mV/Pa) J 1500 (0.22) / 500 (0.07) 
Resonant Frequency hHz i 13 13 
Lovr Frequency (-596) Hz / 0.05 0.05 
Discharge Time Constant s110 10 
Linearity 8 g FS (12 12 
Output Impedance ohm 1 100 100 
Output Bias Vi 44 44 
Vibration (max.) g peah j 1000 1000 
Shoch g i 1000 1000 
Acceleration Sensitivity psi/g J 0.0005 0.0005 
Temperature Range OF J -100 to .2501-100 to 4250 
Temperature Coefficient SF J 0.03 0.03 
Case material j Invar Invar 
Diaphragm material J Invar Invar 
VVeight gram j 2.3 23 
Size (dia. x thiciness) in 10.375 x 0.2210.375 x 0.22 
Pigtail Lead Length in 112 12 
Excitation (constant current) mA 1210 20 2to 20 
Voltage to Current Regulator a VDC l 418 to 28 4 24 tO 27 


NOTES: 
1. Broadband noise vehen povvered by battery SUppIy 


2. Calibration certificate supplied plots transfer behavior to calibrated 
steps of pneumatic pressure 


3. Apply povver through constant current diode or other current limiting 
device, (incorporated viithin recommended PCB povver units) 
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Sensym Blood Pressure 8 dot 


JULY 1887 
l FEATURES GENERAL DESCRIPTION 

6 Precise, Stable, Output The BPO1 sensor vas specifically designed for use In méd- 
ical applications, primarily non-invasive blood pressure 
G Temperature Compensated monitoring. They provide excellent performance vathin the 
pressure range of Ommtig to 300mmHg and over the 

8 Small Size temperature range from 10€ to 5096. 
El Lou Nolse The BP01 conslats of a highiy linear, lovi nolse semicon- 
mpeda for Lovi Porer ductor pressure sensor in combination vith a precislon 
9 sis Applications thicle flim ceramic, housed In a compact nylon case. This 
pachage offers small 8ize and excellent isolation to exter- 
EB Manutactured in Accordance nal pactage stresses. It also gives convenient mounting" 
vvith GMP for Medical Devices holes and pressure ports for ea8e ot use vith standard 

Tygon" tubing. 

The BPO1 is internally callbrated and temperature compen- 
. APPLICATIONS sated to achleve a high degres of eccuracy, stability, and 


. repeatability. Span ls calibrated to vvithin 4194 and zero 
: g Nondnvasive Blood Pressure Monitoring. — pressure otíset ls set to 4 300 microvolts maximum. A8 a 
I P result, many applications vill not require additional trim- 
: B Medical ure Monitoring ming netvorts in the external signal conditloning 
À ds circultry. 


The output of the BPO1I8 ratlometric to the supply voltage 
and operation from any DC suppiy voltage up to 430V is 
acceptable. Because the BPO1 i8 a relativeiy high Impe- 

dance circuit (49), Ít is also an ideal cholce for portable or 
EQUIVALENT CIRCUIT battery operated equipment. Given its lovr nolse and fast 
response time, the BPO1 provides an excellent cholce for 
many other medical applicatlons. 


ELECTRICAL CONNECTION 


Note: The polarity indicated is for pressure applied to port B. 
"Tygon 18 a trademarx ol the Norton company 
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PRESSURE SENSOR CHARACTERISTICS BP01 

Maximum Ratings Environmental Specificatlons 

Supply Voltage, Vs 430Voc —Temperature Range 

Common-mode Pressure 2500mmHg Compensated 4-109C to 4-500Ç 

Lead Temperature Operating Oto 4709C 
(Soldering, 10 seconds) 3009C Storage —559C to 41250C 

Proof Pressure 1500mmHg —Humidity Limits 0 10 10094 RH 


BP01 PERFORMANCE CHARACTERISTICS (Note 1) 


Charactoristic 
Operating Pressure Range 


Sensitivity 


Full-scale Span (Note 2) AT 4 300mmHg 


Zero Pressure Offset 


Linearity 0-200mmHg 


Linearity 0-300 mmHg 


Hysteresis (Note 3) 


Repeatability (Note 4) 


Temperature Effect on Span (100C-502C) (Note 5) 


Temperature Effect on Offset (102C-509C) (Note 5) 


Nolse (Pealx-to-Pealg 0.01Hz to 10Hz 


Input Impedance (Note 6) 
Output Impedance (Note 7) 
Cdmmon-mode Voltage (Note 8) 
Long Term Stability of Offset and Span (Note 9) 


Response Time (Note 10) 


Spocification Notes: (For All Devices) 


Note t. — Uniess otheneise noted: Suppiy Voltage, Vg x 5.0Vpc, Ta z 259C, Common-mode Line Pressure z O mmHg, Pressure Applled to Port B. 


Note 2. Span ls the algebraic ditlerence betvreen the output voltage at full-scale pressure and the output at zero pressure. Span and otfset are ratiometric to the 


suPpty voltage. 


Mote  — Hysteresis — the maximum output diflerence at any point mithin the operating pressure range for increasing and decreasing pressure. 


Note 4: — Maximum differonce in output at any pressure vith the operating pressure range and temperature veithin 109C to SOSC after: 


aj 1.000 temperatura cycles, 109C to 509C 
b) 1.5 milllon pressure cycles, Ops: to full-scale span 


Note 5: 
Note 8: 
Note 7: 
Note 8: 
Mote 9. 
Note 10: 


Maximum erroc band ot the 011391 voltage and the error band ot the 8pan, relative to the 252C reading 

Input impedance 18 the Impedance batveeon pins 2 and 4 

Output impedance 13 the Impegance betvreen pins 3 and 5. 

This is the common mode voltage ot the output arms (Pins 3 and 5) for Vg 2 5.0Vpc. Measured vith respect to Ground. 
Long term stability over a one year perod 


Response time for a Opsi to tull-scale span pressure sep change, 104 to 8014 rige time. 
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GENERAL DISCUSSION 

Output Characteristics 

The BP01 provides a voltage output vhich is directly pro- 
portional to applied pressure. The devices vill give a 
positive going output vvhen increasing pressure is ap: 
plied to pressure Port B of the device (See Figure I). If the 
input pressure connections are reversed, the output vill 
increase vith decreases in pressure. The devices are ra- 
tiometric to the supply voltage and changes in the sup- 
ply voltage vill cause proportional changes in the offset 
voltage and full-scale span. For medical applications 
that require true differential pressure, Port B should be 
used as the high pressure port and Port A should be 
used as the lovi pressure port. 


User Calibration 

The BPOt is fully calibrated for offset and span and 
should therefore require little if any user adjustment in 
most applications. For precise span and offset adjust- 
ments, refer to the applications section herein or con- 
tact the Sensym factory. 


MECHANICAL AND 

MOUNTING CONSIDERATIONS 

The BPO1 nylon housing is designed for convenient 
pressure connection and ea8y PC board mounting. The 
simplest PC board mounting technique is to use "xmas 
tree" clips as fasteners (Sensym Part HSCXCLIP), this 
technique gala in Figure ll. The xmas tree clip 
secures the BPO1 to the board vvith minimum pacrage 
stress. For electrical connections, ve recommend a 
standard 6 pin right angle connector (Sensym Part 
SCXCNCT). In blood pressure applications flexible 
Tygon or silicon tubing is suggested for pressure con- 
nection as it is easy to vvort vith and quite pliable so 
pachage stresses are minimized. To secure the tubing 


CONBRIORINS 
NYLON NI IN 

LEADS FOR 
MOUSING — CERAMIC— ELECTRICAL 
CONNECTION 


ALUMIMUM PLATE RTV SEAL 


ALUMINUM BASE 
2 SERIES 
iu SENSOR 


RTV 
SEAL PACXAGE 


PRESSURE MEDIA (8) PRESSURE MEDIA (A) 
PORT B PORT A 


FIGUREI 
SCX Physical Construction Diagram (Cutavray Vievv) 


BP01 


properiy to either port Sensym offers a standard easy to 
use hose clamp (Sensym Part HSCXSNP1). 

For further information regarding mounting, refer to 
Sensym's application note SSAN-25. 


Media Compatibllity 

The sensor is only recommended for use vvith air media 
for non-invasive blood pressure measurement. 

The BPO1 is not sterilized, therefore it is prohibited to 
bring blood or saline solution into direct contact vith 
the sensor. 


APPLICATION INFORMATION 
Introduction 

The folloving application information gives circuit 
ideas for some of the more common applications of the 
8P01. Please note hovrever that Sensym tannot be an 
expert in any given application and although vve provide 
application assistance on Sensym produets both ver- 
bally and through our literature, it ls still the total re- 
sponsibility of the customer to determine the sultability 
of any product used In their applicatlon. For compo- 
nents suggested in any application information, it is 
also the responsibility of the customer to chech vith the 
individual component manufacturers for suitability of 
these produets in the given application. 

For additional application intormation, refer. to 
Sensym's SCX series datasheet or contact the factory 
directiy. 


General 

The circuit shovn in Figure A provides a 0.5V to 3.5V 
output for a O to 300 mmHg input pressure. Thecircuitis 
easily calibrated and is not affected by changes in the 
supply voltage. 


TIGON 
TUBING 


PC 
BOARO 


PEFEEITT- 


XMAS TREE 
cu 


FIGURE II 
Recommended PC Board Mounting 
Technique for the SCX Sensor 
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APPLICATION INFORMATION (Cont.) 
Circuit Description 


The LM10 (Aj has a precision 200 mV reference present 
at Pin 8 vvhich is amplifled by A, to provide an excitatlon 
(VE) of 4.2 volts to the top of the BPO1 sensor. By provid- 
ing a buffered reference voltage to the sensor, the cir. 
cult becomes insensitive to povver 8uppiy varlations 
and vill operate from 5 volts to 20 volts vvithout perform- 
ance degradatlon. The same 200 mV reference is also 
amplified to provide voltage VaEr, vhich is adjusted by 
means of R3 to set the initial 0.5 volt output voltage 
ven there ls no pressure applied. 


From the BPO1 specifications, It is noted that at 
300mmHg applied pressure, the output of the BPO1 vell 
nominally be 15 mV vvhen using a 5volt supply. Because 
the output ls ratlometric to the supply voltage, the ex- 
pected output for a 8supply of 4.2 volts vvill be 12.6mV. 
The required galn can nov be calculated. Since the out- 
put span required is 3 volts (3.5 volts minus 0.5 volts), 
and the Input to the amplifier vvill be 12.6 mV, the gain re- 
quired from amplifier configuration B4 and B2 is 238V/V. 


Vg 5.0 TO 20V 


— APPU PRESSURE TO PORT B 


FIGURE A ò 
0.5 to 3.5 V Output for a 0- 300 mmHg Pressure Input 


Es 


BP01 


The output voltage equation (Eq. 1) and the gain eque. 
tion derived (Eq. 3) are given belovy and are nov used to 
solve for the untnovn resistance, Rr. 


s Val CR) le Va i) 


or reveriting 
Vour S Viu AytVo 
A Vour 
vehere s 22(1 tR 
dl Crdall ió 
and Vg s initial output Voyr for zero pressure applied. 


VVith R 10h, Rr is found to be 859. To allovy for 
component tolerances in the gain adjustment, Rr con- 
sists of a 1/4 metal film 750 resistor in series vIth a 209 
multiturn cermet trim pot. 


Adjustment Procedure 


1. VVIth zero-pressure applied, adjust the offset adjust 
Ra until Vour - 0.500 V. 


2. Apply full-scale pressure (300 mmHg) to Port B, and 
adjust R2 until Vour — 3.500V. 


3. Repeat procedure If necessary. 


O Your 


CIRCUIT NOTES 

Am LMIOCN (NSC, Linear Tecinotegy) 

8 a LIO13CN (Unes Technology) 

Ra 4-elomont 10 XO resistor array 
AI her 1 metal im 
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APPLICATION INFORMATION (Cont.) 
0V to 5 V Output 


The circuit shovvn In Figure B is similar to that shovn In 
Figure A, except, it provides a true O to 5 V output, for a 0 
to 300mmHg pressure input. 


Circult Description 


In order to achieve an output voltage that vvill truely 
svving to zero volts (or even slightiy belovv ground), a 
negative Supply must be used. The circuit shovvn belovv 
maxes use of a popular povver Suppiy inverter, the 
LIC1044, to achieve a negative supply voltage of — 1.23 V 
(—V) using a single suppiy of 12V and ground. The 
LIC1044 can be used in this application because the 
BP01 and the circuitry shovn requires less than 5 mA of 
current. 


b 
The negatlve 1.23V ( — V) is used to povver the amplifiers 
as vvell as a negative voltage for the zero adjust divider 
netvrort. In this manner, the offset pot (Ro) adjusts VpErF 
to compensate for offset errors in the op amp circuitry 
and sensor, and enables the output to be set to 0.00 
volts vvith zero pressure applied. 


The 2.5V reference, Z1, is amplified by A3 to provide a 
10V excitation voltage (Vg) to the BP01. Since the output 
voltage of the BP01 is ratiometric to its supply, the sen- 
sor output vvill novv be 3OmV for a 300mmHg full scale 
pressure applied. 


BP01 


This 30mV output voltage is nov the differential input 
(Vi) to A3 and Ay of the instrumentation amplifier stage. 
The output span in this example ls 5 volts, therefore the 
required galn Is 167 V/V. Using the gain equation given 
in (Eq. 3) Rr ls found to be 12159. 

Again, to allovv for component tolerances, RT ls the 
combined serles resistance of 1.1 14 metal film resis- 
tor (Rs) and a 2002 multitum cermet trim pot (RG). 


Adjustment Procedure 


1. VVith zero-pressure voltage applied, adjust the output 
using Rg until Vour — 0.00 V. 


2. Apply full-scale pressure (300 mmHg) to Port B, and 
adjust Rg until Voyr — 5.0V. 


3. Repeat procedure if necessary. 


01-04 IM9M DIODE 
LIOMON 


VS et2V 


, 


B-LCI044 
-ALL CAPACITORS 
z MO EF TANTALUM 


CIACUNTAY 
-v 


VS 412V 


FIGURE B 
True O to 5 V Output for 0- 300 mmHg Pressure input using a Single 412 V Suppiy and Ground 


A 
n (00402 —2.5 
z RI R2, MM OO ESTA AA 
$ ci du / 35 V TANTAL 
NEGATIVE SUPPLY CIRCUIT n AMPUIFIER CIACUIT i Ar 
AMPLIFIER 25y 4 ELEMENT 


100 XQ RESISTOR ARRAY 
2009 MULTITURN POT 
1.1 194 METAL FILM 
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PORTABLE PRESSURE METER 
General 


The circult shoven In Figure C Is a O to 200mmHg porta- 
ble pressure meter. The 3'/2 digit display vvill read 
189.9mmtHg full-scale. This circult operates from a sin- 
gle 8V battery and dravs approximately 4.5mA supply 
current, thus providing a typical battery life in excess of 
100 hours. The minimum battery voltage is approxi- 
mately 6.5V. 


This meter provides a resolution of 0.1mmHg. The same 
circult can also be used for other pressure ranges sim- 
ply by changing the sensor and gain. 


Circuit Description 


The LM10 provides a 200mV reference on pin 8 (Aj 
vhich is amplified (Ay z 14 R2/n3) and buffered to pro- 
vide a stable 45V supplY for the circult. The resistor di. 
vider netvvoriç comprised of tvvo 100/ resistors and pot 
Ra provide the offset adjustment for the circuit. Since 
the BP01 provides an output vehich Is ratlometric to its 
suppiy voltage, using the data sheet electrical 
specifications, the expected output voltage vvill be 
1QmV at 200 mmHg vhen operating from a 5 volt supply. 
For the component values shovn, a full-scale input 
voltage of 200 mV (Vo) is required to the ICL7106 in order 


— 


BP01 


to display a full scale output of 1999, thus the galn re. 
quired for the instrumentation amplifier is 20V/V. 
Again, trom the gain equation (Eq. 3) vvith R4 — 10h, Rr is 
found to be 1.1. In this circult, a fixed 1Yo metal film re- 
sistor has been used for Rr. The fine tuning of the full 
scale span adjustment is accomplished by using Pot 
Re, vhich sets the reference voltage of the A/D 
converter. 


Component Selection 

The value of the components Re-R4o and C1i-Cs have 
been optimized for 200mV full-scale. (See the Intersil 
ICL7106 Datasheet). R4 and Rg should be 15 turn cermet 
pots, Re-Rso are metal film 14 resistors. Ca the integrat. 
ing capacitor should be polypropylene, the reference 
and auto zero capacitors can be polystyrene or mylar, 
the clochç capacitor, Ca, is mica. 


Adjustment Procedure 

Apply 166mmHg and adjust Rg until the display reads 
165. Apply OmmHg and adjust Ra until the display reads 
000.0. Repeat if required. 


FIGURE C 
0-200mmHg Meter 
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PARALLEL A/D CONVERSION 
General 


The BPO1 sensor can be easily interfaced to a 
microprocessor bus. Using an A/ D converter, for a O to 
300mmHg Input, the circuit in Figure D vill provide an 
eight-bit parallel output vehich is proportional to applled 
pressure. The circult allovvs for easy calibration and 
uses a single 5V Supply. 


Circult Description 


The LM10 provides both the reference voltage VaEF and 
the sensor excitation voltage Vg vvhich are independent 
of supply voltage changes above the 5V supply. VagF ÍS 
amplified by B3 to provide the A/D converter vith 1.5 volt 
reference voltage. VVIth a 1.5 volt reference, a full-scale 
output of all "ONES" vell occur vvhen the input signal to 
the A/D'is 3 volts. 


The sensor excitation voltage Ve of 4.2V vill result in a 
differential sensor output of 12.6 mV vrhen an input pres- 
sure of 300mmHg is applled. This output signal is am- 
plified by B4 and B2 to provide the converter vvith VIN ( 4). 
The gain is adjusted using pot Ra. The initial offset 


Vge5VO 


CIRCUIT NOTES. 

Am '/4LT10M (Un0ar Tochaotogy) 

Om (11004-1.2 (Unes Technalogy) 
ADCO804 (National Semicenductor) 

Ra 5 ELEMENT 10h Q RESISTOR ARRAY 

Rg a 50 MUUJITRIM POT 

RQ 260.413 METAL FILM 


BP01 


voltage is adjusted by R3, vhich varies Vi (—) on the 
converter. The A/D conyerter, as shomn, is a free- 
running configuration and the binary output ls updated 
continuously. " The only requirement ls that the VVR and 
INTR must be momentarily grounded or tahen to a logic 
lovy after povver-up to ensure proper operation. 


Adjustment Procedure 

1. VVith no pressure applied, adjust the offset pot R3 
until all bits are zero except the LSB, vvhich should be 
svvitching betvveen one and zero. 

2. Apply full-scale pressure (1 psig) to Port B, and adjust 
the full-scale pot Ra until all bits are ones except the 
LSB vhich should be flicxering betveen one and 
2810. 

3. Repeat procedure if necessary. 


"For timing specificatlons and bus interface, see the 
ADCO0804 Datasheet from National Semiconductor. 


vs 
qe Q e5V 


L Li 


204 


FIGURE D 
A Parallel A/D Conversion Circuit for 0-300 mmHg Applications 
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PHYSICAL DIMENSIONS BP01 


DIMENSIONS IM INCHES (MMLLIMETERS) MVETTED) MATERIAL 


VAEQNT. 5 ORAMS PORT A: GLASS FILLED NYLDA, SLICON, SILBEL 
CASE MATERIAL: GLASS FILLED NVLON PORT B: OLASS FLLES NYLON, SLICON, RTV 
ORDERING INFORMATION —Toorder, use the folloving part numbers: 1 
SENSOR MOUNTING ACCESSORIES 
DESCRIPTION PART NUMBERÍ DESCRIPTION PART NUMBER 
Biood Pressure Sensor BP01 Xmas Tree Clip (200 ea) SCXCLIP 


6 Pin Right Angle Socnet (100 ea) SCXCNCT 
( Pressure Tubing Clamp (100 ea) SCXSNP1 


See Section 9 for Pacxage Styles and Dimensions 
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Plezo pressure sensors teature unique capability to accurately measure 


DYNAMIC PRESSU RE SENSORS high frequency transient events involved vith combustion, compression. 


acoustics. explosions. blasts. pulsations. surges and shoch vaves. 


ICP SHOCHX VVAVE SENSORS measure ultra high trequency retlected FIELD and UNDERVVATER BLAST VVAVE SENSORS measure incident 
and incident shoch vaves. Note clean. nonresonant test result Shoxn shochx vraves involved vath fieid blast and undenvater explosion testing. 
belovy. 
Retiecieg snocx mave tus 38 UMe Tpucat shocx tuDe measurement a Model 132A/401A11, 100 
3 Senes 113420, 500h Hz an 2 mvVipsi. Senses high intensity 
shoch pressure probes. X sonic boom sound pressure 


és Five models avaitable. di and incident blast vave. 
Senes 102A. 500h Hz A da Senes 137A Iree-tieid incident blast vrave 
shocx pressure gages in ade pressure probe is virtually free trom mecha- , 

EN A ground isolated 38-24 or i Ri CA nical noise: oltered in 3 sensitivities ot 100, 
M10 threaded housing. d 20040 La 10 us0N 10 or 1 mV:psi. 


L 
Model 134A,402A tourmaline pressure bar measures 10 qmon 
instantaneous retlected shoch vaves mih O.2us nse 
time and nonresonant response. 


1J7A 


Senes 138A nonresonant under: 
vvater blast gages use volumelnc 
sensitive tourmaline crystal 8 builtan IC 

tor driving long cables. 


————————é 
ICP GENERAL PURPOSE QUARTZ PRESSURE SENSORS are economical, 
versaule, durable instruments tor measunng dynamic pressure associated 
vnth pneumatic and hydraulic processes. ICP sensors Suppress static levels 
and measure lov level acoustic pressure (fluid borne noise) under high static 


———— nt 
conditions, a unique characteristic ot prezo sensors. 
LOV/ PRESSURE SENSORS measure turbulence and acoustic 


phenomena. 


Model t12A21 (SO mV:psi) is a high sensitivity 
acceleration-compensated ICP pressure probe 
tor measurement ot high intensity sound, 
turbulence, fluid borne noise, and cavitalion. 


ICP high intensity microphones 1068 (300 mV: 
psi) and 106850 (500 mV psi) are ot solid-stale 
design vath durable diaphragm supported by "igid 
column ot quartz. VVithstands overloads 2100 
times range. 


105B02 Subminiature ICP sensor mea: 
sures dynamic pressure at ambient 
temperature in restncted localions. 


103A ICP acceleration-compensated sensor 

QUARTZ BALLISTIC PRESSURE SENSORS have long been used as z. — (1.5 V psi) developed tor vand tunnel turbulence 

a standard tor gun and ammunition testing. closed bomb and detonation v9i testing ot space vehicle models. 

measurements ——— a ae eatS MOASUÍE 
QUARTZ HIGH TEMPERATURE charge mode sensors measure 

dynamic pressures in turbines. compressors. pover plants and 


exhaust manitolds. 


TEA UI Model 118A charge mode Ballistic Pressure Sensor 
P achieves long lite and improved iineanty thru ceramic 


coated. integral machined diaphragm Optional Model 112004 


118A03 is ranged to 120000 psi MI2A05 Ç Mini high temperature acceleration-compensated 
Cerame $ sensors measure dynamic pressures to .600 F 
costed Model 119A 15 a unique acceleration .compensated . Tmvo ranges are available to 100 and 5000 psi. 
PN AQNS — SQQu Hz sensor recommended tor detonalion meas: 
q ns urements 84 high pressure explosive blast applications 
mx Higher sensitivity acceleration-compensated 


Model 1168 measures love pressure acoustic 
phenomena under high static pressures to Jh psi 
at temperaigres to - 650 F Models mith vvelde 4 
hargine cable are suitable tor high temperature 
seg povver plant. vater circulation applications 


Model 1178 Contormal Ballistic Pressure Sensor 

measures chamber pressure in gun barrels through 
the case vall ot unmoditied Cartridges tor production 
testing ot ammuniton A patented. commercial fe 
"STANDARD:' ol a proven. durable. iong ute design 


Lu 


M2AIO LJ 
Senior 
- : a 
: A 
t dl Miniature engine combustion Model 61 Series 
Pressure sensor 11265 instal: sensor mith integral vvater Saddie Clamp Adaptors simplity 
en ed on modilied standard sparx coonng is also suitable tor installanon ot 108A02 sensor tor 
Es 


Agar llush mount. base ol cylinder plug lor combustion measure hi-tlemp exhaust pulsation high pressure diesel injection lin 
EE imat de, maseiaments: dynamic measurements 
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RIBBON AND VVELDABLE TAB THERMOCOUPLES 


Attach To Any Surface 
Flexible Junctions 
Millisecond Response 


Tvvo nevv styles of thermocouples are novv avail- 
able from NANMAC Corporation to measure 
surface temperatures. One style uses an exposed, 
flat ribbon thermoelement vvhich can easily be 
attached to any vvall by an appropriate cement or 
clamp: or as a portable sensor by momentarily 
contacting the vvall for a surface temperature 
reading. It features ribbon elements as thin as 
0.0015 inch, very lovv mass and lovv millisecond 
response times. 


The other model features a 3/4'' square stainless 
steel tab brazed to the tip of a ceramic-pached 
NANOPAI thermocouple. The SS tab is ideally 
suited for permanent attachment to any vvall or for 
clamping. It can also be attached vvith small screvvs 
by drilling appropriate holes through the SS tab. 


APPLICATIONS 
Ideally suited for surface temperature measurements 
Of thin or thicie vvalls, surfaces, etc. . . . Measure 


exterior surface temperatures of pipes, ducts, and 
tubes... Measure temperatures of clothing, textiles, 
plastics and metal sheets by direct contact . . . 
Locate hot-spots, monitor bearing temperatures, 
etc. Can also be used in lovv-velocity air and/or 
liquid applications. 


FEATURES 


e LOovv-mass sensing elements 
e Large contact area improves accuracy 
and eliminates conduction errors 


e Flexible sensing tip conforms to 
any surface 


e Uses standard thermocouple calibrations 
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RIBBON AND VVELDABLE TAB THERMOCOUPLES 


SPECIFICATIONS AND PRICES 


The Model RCF Ribbon Contact thermocouple 
MODEL RCF contains a flat exposed ribbon sensing tip 1/2" vvide 
by 7/8" long by 0.002 in. thich (approx.). Each unit 
comes vvith 3 feet of flexible fiberglass insulated 
extension leads. The sensing tip is flexible similar to 
a thin leaf spring and can be easily mounted onto 
any surface vvith the use of an appropriate cement, 
i.e., glue, epoxy, ceramic cement or adhesive tape, 
depending upon temperature requirements. The Model 
RCF thermocouple has a lovv millisecond response 
time and an upper service temperature of 7000F. 


The Model RCS Ribbon Contact thermocouple 
is similar to Model RCF except that it has 12 inches 
Of stainless steel clad, ceramic pached extension 
adjacent to the sensor. As a result, the sensor can 
operate up to temperatures Of 20009F maximum. 
The stainless steel also serves as a convenient handle 
for portable applications. 


The Model VVT VVeldable Tab thermocouple has 
a 3/4" x 3/4" x 0.030 in. thich stainless steel vvelding 
tab brazed onto a NANOPAR thermocouple. It also 
MODEL VYVT has 3 feet of fiberglass insulated extension leads. 
The sensing tip has a maximum service 
temperature of 10009F, 


Note: Each of the above thermocouples Thermocouple Calibration Code — ANSI 


is available in tvvo sizes, T s copper/constantan 

i.e., vvire sizes Of J SS iron/constantan 

424 gage — 0.020 in. and E s chromel/constantan 

4 28 gage — 0.013 in. RR s chromel/alumel 
PRICE CHART 


sPrices subject to change vvithout notice 
Vvhen ordering, specify Part No. and calibration, ie.,T, J, E or R 
Example:: B4—1—J 


Note: Other sizes of vvire and dimensions are available. Consult Factory. QUANTITY DISCOUNTS 
1-10, None 
DELIVERY: stoct to 3 vveexs 41-20, Less 50 
21-50, Less 104 
51-100, Less 1594 


101 and over, Upon request 
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VVASHER THERMOCOUPLES 


NANMAC veshor thermocouptes ere designed to meseure true 
Evoraga tempersome ol the veshor. Conduction errors. ere 
eliminoted by velding tha thormocouple oloments at 1800. 


ammmaaiam RRRRX 


4 47444U Cecce 


Prices subject to change vvithout notice 
Note: Similar units are available using 


split loclc vvashers - contact factory 


VVhen ordering, specify Part No. MINIMUM BILLING — $25.00 


Standard termination is as shovvn in shetch above. For other QUANTITY DISCOUNTS 
terminations, refer to Page A-9. 1.20, None 
21-50, Less 596 
If lead lengths longer than 12 inches are desired, specify 51-100, Less 1096 
length required and add $.75 per each additional foot 101 and over, Upon request 


of length to the base price. 


Standard vvire insulation is fiberglass, vvhich is good to 7002F DELIVERY: 2-3 vreels 
operation. For other insulation, consult factory. 
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oee C Ll 1 L , Ll , Ll " Ll Ll 10 
TERODLECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS 


9.028 


—ae820 
4.350 
29.860 
90397 
2.090 


29.192 


2.904 2.620 
19164 2.092 
-1.100 1.548 
0.699 0.902 


Ma 
11.099 
12.994 
sen 


' 

19.810 
16.266 
17.025 


20,366 
12.349 
224127 
24.124 


29.516 
26.310 


32.153 
32.960 


47.019 
47,024 
44,621 


49.430 49.310 
30.232. 30.312 
31.113 


52.951 


33.748 
34.344 
354339 
56.132 
80.924 


81.n15 
58.305 
99.293 
80.080 
80.065 


' , 10 


Thermocouple 
Reference Tables 


Relerence Tables , .. 
NIST MonograpA 125 


PURPLE 


MAXIMUM TEMPERATURE RANGE 
Thermocouple Grade 

— 328 to 16522F 

— 200 to 9000C 

Extension Grade 

32 to 3920F 

O to 2000C 


LIMITS OF ERROR 

(vrnichever is Greater) 

Standard: 1.72C or 0.504 Above 00C 
1.72C or 1.094 Belovy 0: € 

Special: 1.02C or 0.490 


COMMENTS, BARE VVIRE 
ENVIRONMENT 
Oxidizing or inert, Limited Use in 
Vacuum or Reducing, Highest EMF 
Change per Degree 


TEMPERATURE IN DEGREES "C 
REFERENCE JUNCTION AT 0:C 
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NC11 — Advanced THERMOCOUPLE ASSEMBLIES 
SL SS SS SES o ESE IS SES SS SR ERRSSSSS ESE S SS SS ES SSSSSSSGSSSS 


NANMAC:'s thermocouple assemblies vvith NC-11 protection sheaths are designed for high 
temperature use. NANMAC's metal-ceramic protection tube NC-11 is a hard, abrasion-resistant, 
dense material made from tvro high temperature compatible materials. The combination of this 
high temperature metal and oxide produces a product vith three very important properties: 


e Superior oxidation resistance to 25000F 
e Thermal conductivity comparable to that of stainless steel 
e Good resistance to vetting by most molten metals 


NC-11 has good strength at temperatures vhere many high-temperature 
metals melt. Above about 28009F, it begins to soften and becomes plastic. 
NC-11 thermocouple protection tubes have, hovrever, been used successful- 
Iy for dip immersion at a temperature of 30000F. In use or service, care 
must be talcen to avoid conditions of extreme thermal shoct, extreme ther- 
mal gradients, mechanical shoch, and impact. Although NC-11 is superior 
to ceramics in all of these properties, it is less resistant to shoch and im- 
pact than the metallic alloys. Theretore, it should be preheated to about 
900F before immersion in molten metal at 2000F or higher. Vhenever prac- 
tical the folloving preheat procedure can also be used. Hold the tube im- 
mediately above the molten steel for approximately one minute before 
immersing. 


APPLICATIONS 
e Molten copper and brass to 21009F intermittent and continuous immersions. 
e Corrosive SO and SO gas (to 25009F) and SO and HF gas (to 20000F) 
e Open hearth furnace checher chambers to 24500F 
e Pelletizing chamber ot Taconite refining operation to 21000F 
e Molten zinc to 18000F 
e Molten lead to 6500F 
e Basic steel and slags to 31500F (Intermittent) and 25009F (continuous in open 
hearth and general foundry practices). 
e Fluid bed cement process vvith severe corrosion and tamperature to 24000F 
(fiuid method of producing builders cement). 


NC-11 is not recommended for use in molten aluminum, molten glass, or carbide slags. 


THERMOCOUPLE ASSEMBLIES 


Length () —— 


oneeitzmin BA 


Optional Flange: 
order Part No. A34-27, Unit cost is $ 20.95 


Va NPT 
Clamp 
3 Va O.D. flexible 
. armor x 36" long 
qae ll 


3" Leads 


I a—— 


NOTE: All standard units come vvith a ANSI-Type "HR" thermocouple installed. 


Price List For NC-11 Thermocouple Assemblies 


VYhen ordering: Specify Part No. and length. 
Ex: P/N:-A37-1-18" 


Delivery: Stoch to 2 vreexs 
FOB: Framingham, MA 
Temns: Net 30 
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NC1o — Advanced THERMOCOUPLE ASSEMBLIES 


NANMAC'e NC-12 protection tube is a dense, sintered Typical Test Results Shoving Resistance 
ceramic especially designed for use in many molten non- ot NC-12 to the Attach of Molten Metals 
ferrous metals and corrosive chemicals. lt is very strong, SN NS 7 s 

thermally shocx resistant and dimensionally stable. 
Additionally NC-12 is vacuum:-tight and it has high electrical 
resistance. Mechanical strength is retained at extremely high 
temperatures (over 1000C in air). These features together 
vith very lov vear resistance, maxes NC-12 an ideal 
thermocouple protection tube for applications such as molten 
aluminum, lead, tin and zinc. See chart. 

Preheating is not necessary because NC-12 has very lovi Most acids, such as hydrochloric, nitric, sulphuric, and 
thermal expansion coefficient. phosphoric, do not attact NC-12. This material is also 


3: I resistant to hydrogen gas. It is not recommended for use vvith 
NANMAC S NC-12 Protection tubes are also recommended.—caustic solutions and hydrofluoric acid. 
for use in oxidizing environments to 2200F. 


THERMOCOUPLE ASSEMBLIES 


1 Optional Flange 

La 4. — For l' NPT order Part No. A34-27, Unit cost is $ 20.95 
4 For IM" NPT order Part No. A34-28, Unit cost is $ 20.95 
I 
v 


a—— Support Tube ——pe EN am—— Va O.D. flexible 


(5" Standard) armor x 36" long 
—l————— Le tl) ———————ii ai fode 
i 


NOTES: 
e — Standard units come vith an ANSI-H thermocouple installed. 


e — For Duplex units or other calibrations, consult factory. 


e — Standard support tube is 5" long stainless steel. This support tube is of universal design, 
je it has pipe threads, vvrench flats and can also accept flanges. Longer length support tubes 
are available. Consult factory. 


e — Angle units vvith 450 or 900 angles are also available. Send your requirements to our factory 
for a prompt proposal. 


SPECIFICATIONS AND PRICES 
Vvhen ordering, 


specify Part No. 
Ex: P/N-A38-1 
MVa" NPT , Delivery: 3 vveexs 
dar NPT . FOB: Framingham, MA 


1Va" NPT 


Terms: Net 30 


TEMPERATURA - 
RTY81-1.. 


SILICON TEMPERATURE SENSORS 


These sensors have a positive temperature coeficient of resistance and are for use in measurement and 
control. 


QUICX REFERENCE DATA 


Resistance at Tamb 7 25 9C 
I" 1mA RTY81-110 Ros — 990: 101082 
RTY81-120 R25 — 980: 10209 
RTY81-121 Ros. —980- 10009 
RTY81.122 Ros — 1000: 1020 92 
RTY81-150 Ros — 950: 10509 
RTY81-151 Ros — 950: 10009 
XTY81-152. R25 1000 - 1050 82 


XRTV81-120 is composed of groups —121 and —122 
and is correspondingiy designated. 


XTY81-150 is composed of groups —151 and —152 
and is correspondingiy designated. 


Operating ambient temperature range Tamb —B5 to 4150 OC 


MECHANICAL DATA Dimensions in mm 


S,2max Pri 12,7 min — 
H 'g 


22053994 


diameter vvithin 2,5 max 
is uncontrolled S.3 


Fig. 1 SOD-70. 


RATINGS 
Limiting values in accordance vvith the Absolute Maximum System (IEC 134) 


Continuous sensor current in free air 
Tamb "7 259C Iç max. 10 mA 
Tamb" 15009C Ic max. 2.0 mA 


CHARACTERISTICS 


(Based on the measurements in liquid at Tamb 7 25 9C 
unless othervvise specified). 


Resistance 
Ic- mA RTY81.110.  R25 990 - 1010 82 
RTY81-120. R25 980 - 1020 82 
XTY81-121 R25 980 - 1000 82 
RTY81.122 Ros — 1000: 102082 
RTY81-150. R25 950 - 105092 
RTY81.151.— R25 950 - 1000 2 
XTY81-152 Ros —1000- 105082 
Temperature coefficient typ. 0.79 9/R 
Resistance ratio R 100/R25 1.696 : 0.020 


R-55/R25 0.490 £ 0.010 


35 
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Thermal time constant" 


in still air typ. 30 s 
in still liquid"" typ. 5.0 s 
in flovving liquid" " typ. 3.0 s 
Measuring temperature range —55 to 150 OC 
fr — - 
Tamb dl Resistance Tamb Resistance 
oC 9) 
GC aa 
—55 490 
—s0 515 
—AO 567 
—30 624 
—20 684 
-10 747 
0 815 
10 886 
20 961 
25 1000 
30 1040 
40 E 1122 


Ambient temperature and corresponding average resistance values of sensor (Iç " 1 mA). 


L 


2. The thermal time constant is the time the sensor needs to reach 63.296 of the total temperature 
difference. For instance, the time needed to reach a temperature of 72.4 OC, vvhen a sensor vvith 
an initial temperature of 25 OC is put into an ambient vvith a temperature of 100 OC. 


18 Inert liquid FC43 of 3M company. 
ss 7Z92610.1 
24 


A 
mai 


CL 


mumi 


L— 


06 


0 
100 —80 0 50 100 160: Tu iOC) 200 


Fig. 2 Average resistance value of sensor at IÇ £ 1 mA as 8 function of temperature. 


7723049.1 


RTY81—110 
-12 
-122 


-50 0 50 100 150 
Temp (PCI 


Fig. 3 Maximum expected temperature error AT. 
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RTY81-1.. 


01 05 1 Iç (mA) 5 


7702809.1 


o 50 100 150 o 1 ictmal 
Temp (PC) 
Fig. 5 Maximum operating current for Fig. 6 Resistance deviation as a function 
safe operation. of measuring current in still liquid: 
Tamb 7 25 9C. 


Note 


To minimize temperature error, an operating current of IÇ — 


1 mA is recommended for temperatures 


above 100 OC. 
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RESISTANCE TEMPERATURE DETECTORS(RTDS) 


NANMAC's resistance temperature detectors 
(RTDs) are precision vvound sensors. Designed 
for use from -100Íto 410002 F, these probes 
are interchangeable vvithout recalibration ven 
used vvith standard extension leads. Resistance 
vs. temperature values are shovm on pege I-2 
of this Handboolcx. The probes are available in 
2-víire type or 3-vire type for 2 or 3-prong 
connectors, or vith general-purpose connector 
heads, etc. 


These probes are designed for use up to 1,000 
psi under temperatures to 1000 F. Standard 
adjustable stainless steel or brass mounting 
bushings are available vvith either pipe Or straight 
threads. 


Also available from NANMAC are nicel and 
platinum RTDs using nominal resistances other 
than our standard units. Send your require- 
ments to our main office for a prompt proposal. 


2 All probes shovvn above are available in either 3/16" or 1/4" O.D. stainless steel 
probes of length 5". Other diameters, lengths and probe materials are available 


upon request. 


e Lead vvires can be either 2 or 3vvire type, vith or vvithout stainless steel 
overbraid. All lead vvires have copper conductors vvith teflon insulation. 


9 Max. pressure rating is 1,000 psi. (higher ratings upon request). 


e See page H-33 and H-34 for indicators and controllers. 
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NANMAC RTD Probes 


SPECIFICATIONS AND PRICES 


Al 33 —— The standard NANMAC RTD probe has a 
. Bb 16-20 thru 16-23. L. x. diameter of 3/16"' or 1/4" and a length of 5". It 
Met seu has 36'' of PVC insulated 2-conductor copper ex- 


tension leads. It is also available vvith SS over- 
braid on the extension leads. 


- de ce E I This model is the same as the above units except 
Model 16-24 thru 16-27 — 7 1 it has a 3vvire extension lead. 
En 


This model incorporates a standard connector 
EQfNo nhead vith a 3-mire prong plug and jach 


connectors. 
i s Model 16-28 thru 16-31 


"All RTD sensors use 100 ohm platinum elements 
veith Alpha z 0.00385 
See page I2 for calibration data. 


SPECIFICATIONS AND PRICES 


ss l 
OVERB'DI COND. 


No 


QUANTITY DISCOUNTS 


e All probes above are furnished da Ron PA 
vvithout mounting bushings. See I 883 
L 51-100: Less 1090 
page A-10 for these items. 38t and cuer ch 
e Longer length lead vvires: Inconel, nichel Der POR 169U 
etc. sheaths available - consult factory. DELIVERY: 2-4 veoxs 


NOTE -See Page H33 and H34 for Indicating Controllers 


Ll 


NE No UD a UE DN EN: 
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200-Ohm Nictrel 


Ohms 


107.2 
109.8 
112.4 
114.8 
117.4 
119.8 
122.4 
125.0 
127.6 
130.2 
132.8 
135.4 
138.2 
140.8 
143.4 
146.2 
148.8 
151.6 
154.2 
157.0 
159.8 
162.6 
165.4 
168.2 
171.0 
173.8 
176.6 
1277 
179.4 
182.2 
185.0 
188.0 
191.0 
194.0 
197.0 
200.0 
203.2 
206.2 
209.4 
2126 
215.8 
219.0 
222.2 
225.4 
228.8 
232.0 
235.2 
238.6 
241.8 
245.2 
248.6 
252.0 
255.4 
259.0 
262.4 
265.8 
269.4 
273.0 
276.6 
280.2 
283.8 
287.4 
291.2 
294.8 
296.3 
298.6 
302.2 
306.0 
309.8 
313.6 
317.4 
321.4 


Deg. F 


250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 
400 
405 
430 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
530 
535 
540 
545 
550 
555 
560 
565 
570 
575 
580 
585 
590 
595 


Ohms 


325.2 
329.2 
333.0 
337.0 
341.0 
345.0 
349.0 
353.2 
357.2 
361.4 
365.6 
369.8 
374.0 
378.2 
382.4 
386.6 
390.8 
395.2 
399.6 
404.0 
408.4 
412.8 
417.2 
422.8 
426.4 
431.0 
435.6 
440.2 
444.8 
449.6 
454.4 
459.2 
464.0 
468.8 
473.6 
478.4 
483.4 
488.4 
493.4 
498.4 
503.4 
508.6 
513.8 
519.0 
524.2 
529.4 
534.6 
539.8 
545.0 
550.4 
555.8 
561.2 
566.6 
572.0 
577.6 
583.2 
588.8 
594.4 
600.0 
605.6 
611.4 
617.2 
623.0 
628.8 
632.6 
640.4 
646.2 
652.2 
658.2 
664.2 


RESISTANCE vs. TEMPERATURE TABLE 


For NANMAC Model I6-RT Ds 


100:Ohm Nicteel 


Ohms 


63.59 
64.38 
65.18 
66.00 
66.83 
67.67 
68.52 
69.39 
70.26 
M.15 
72.05 
72.96 
73.88 
74.81 
75.26 
76.72 
77.68 
78.67 
79.66 
80.66 
81.68 
82.70 
83.74 
84,79 
85.86 
86.93 
88.02 
89.11 
90.22 
91.34 
92.48 
93.62 
94.78 
95.94 
97.12 
98.31 
99.52 
100.74 
101.98 
103.22 
104.48 
105.74 
107,01 
108.29 
109.58 
110.87 
112.17 
113.48 
114.80 
116.13 
117.46 
118.80 
120.15 
121.51 
122.87 
124.25 
125.63 
127.02 
128.41 
129.82 
131.23 
132.65 
134,08 
135.51 
136.96 
138.41 
139.87 
141.34 
142.81 
144.30 
145.79 
147.29 
148.79 
150.31 
151.853 


Deg.F 


225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
215 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 
400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
530 
535 
540 
545 
550 
555 
560 
565 
570 
575 
s80 
585 
590 
595 


Ohms 


153.36 
154.90 
156.45 
158.00 
159.57 
161,14 
162.72 
164.30 
165.89 
167.50 
169.11 
170.72 
172,35 
173.98 
175.62 
74:27. 
178.93 
180.60 
182.27 
183.95 
185.64 
187.34 
189.04 
190.75 
192.47 
194.20 
195.94 
197.68 
199.43 
201.19 
202.96 
204.74 
206.52 
208.31 
210.1: 
211,92 
213.73 
215.56 
217,39 
219.23 
221.07 
22293 
224.719 
226.66 
228.54 
230.42 
232.32 
234.22 
236.13 
238.05 
239.97 
241.91 
243.85 
245.80 
247,16 
249.72 
251.69 
253.607 
255.66 
257.66 
259.66 
261.68 
263.70 
265.73 
267.76 
269.81 
271.86 
273.992 
215.98 
278.06 
280.14 
282.24 
284.33 
226,43 
288.56 


10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
20 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
216 
215 
220 
225 
230 
235 


X Alpha: 0.00385 
X DIN-43760 


100-Ohm Platinum 7 


Ohms 


60.28 
62.30 
64.32 
66.33 
68.34 
70.35 
72.35 
74.35 
76.34 
78.33 
80.32 
82.31 
84.29 
86.26 
88.23 
90. 20 
92.16 
94.13 
96.09 
98.05 
100.00 
101.95 
103.90 
105.85 
107,79 
109. 73 
111.67 
113.61 
115.54 
117,47 
119.39 
121.32 
123.24 
125.16 
127,07 
128.98 
130.89 
132.80 
134,70 
136.60 
138.50 
140.39 
142.29 
144.18 
146.06 
147.94 
149.82 
151.70 
153.58 
155.45 
157.32 
159.18 
161.04 
162.90 
164.77 
166.62 
168.47 
170.32 
172.16 
174.00 
175.84 
177.18 
179.51 
181.34 
183.17 
185.00 
186.82 
188.64 


Deg.C 


240 
245 
250 
255 
260 
265 
270 
2175 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 
400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 
455 
460 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
530 
535 
540 
545 
550 
555 
560 
565 
570 


Ohms 


190.46 
192.27 
194.08 
195.89 
197.69 
199.50 
201.29 
203.09 
204.88 
206.67 
208.46 
210.25 
212.03 
213.81 
215.58 
21736 
219.13 
220.89 
222.66 
224.42 
226.18 
227.94 
229.69 
231.44 
233.19 
23493 
236.67 
238.41 
240.14 
241.88 
243.61 
245.33 
247.06 
248.78 
250.50 
252.21 
253.92 
255.63 
257.34 
259.04 
260.75 
262.44 
264.14 
265.83 
267.52 
269.21 
270.89 
272.517 
274.25 
275.92 
271.59 
279 26 
280.93 
282.59 
284.25 
285.91 
28757 
289.22 
290.87 
24251 
294.15 
295.79 
297.15 
299.97 
300.7V 
302.33 
302.95 


NTC THERMISTOR 


QUICIR REFERENCE DATA 


TEMPERATURA — 41 
2322 640 90014 


MECHANICAL DATA 


Resistance value 

at -10 4 1,50C 

at 425 £ 1,5 OC 
B25/85'value 
Maximum dissipation 
Dissipation factor 
Thermal time constant 


Operating temperature range 
at zero povver 
at maximum povver 


APPLICATION 


For room temperature control. 


DESCRIPTION 


Outlines 
15 RQ 
6 2 

279 pes Es 
4000 
0,25 VV 
75 mVV/R 
195 
—55 to 485 OC q96 D08-eIll- 
—55 to 455 OC 17 

min 

j I n24 

D06-0 LL 


The thermistor has a negative temperature coefficient. It consists of a disc vvith tvvo solid tinned 


copper vvires. It is rey lecquered and colour coded, but not insulated. 


Marhcing 
The thermistor is marhed vvith a red band on top Of the body. 


Mass 
0,14 g approximately. 


Mounting i 
In any position bY soldering. 


Robustness of terminations 


Tensile strength tI0N 

"Bending 5N 

Soldering 

Solderability max. 240 OC, max. 4 $ 


Resistance to heat max. 265 OC, max. 115 


impact 


Free fall 1m 
Uninflammable 
Resistant to cleaning solvents 


PACRAGING 
500 thermistors in a cardboard box. 


ELECTRICAL DATA 
Unless othenvise specified, measured according to IEC publication 539 
Resistance value 

at-10:1,59C 

ar425:1,50C 
B25/g5 value 
Temperature coeficient at 125 OE 
Maximum dissipation at Tamb 7 "59 oc 
Dissipation factor 
Thermal time constant 
Heat capacity 


Operating temperature range 
at zero povver 
at maximum povver 


Fig.1. 


Fig.2 Typical resistance/temperature characteristic. 


x 7,5 mVy/XR 
x 19 s approx 
x 0,135 J/R 


—55 to 185 OC 
—55 to 155 OC 
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NTC THERMISTORS 2322 640 90007 


2322 640 90021 
QUICX REFERENCE DATA 


2322640 90007 l. 2322640 90021 


Resistance value 


at t 25 OC T2RQ £ 79 129 £ 5,590 

at t 90 0C 3 RQ £ 59 1285 Q 1 3,59 
825/g5:value 3700 R 3720 
Maximum dissipation 0,25 VV 
Dissipation factor 

in still air 7,5 mVV/R 

in still vvater 18 mVy/R 
Thermal time constant in still air 2855 
Operating temperature range 

at zero povver, continuousiy —25 to t 110 09C 

for max. 24h to 1130 0C 

at maximum povver Oto 155 OC 

APPLICATION 


- 
As a temperature sensor for vvater temperature control in vvashing machines, dish vvashers, electric boilers, etc. 
DESCRIPTION 

Disc thermistor vvith negative temperature coeficient, mounted in a capsule of stainless steel, 

vvith tvvo tinned bress spade connectors. 


MECHANICAL DATA 


i g8 
Outlines a) 0,8 


4tl 


: am 
- i 
098 40.2 
0 
i 
Fig. 1. 
"2096442 
A 2 6,3 mm for thermistor 2322 640 90007 
A 2 2,8 mm for thermistor 2322 640 90021 
Martcing 
2322 640 90007 I broven dot betvveen connectors 
2322 640 90021 Orange dot betvveen connectors 
Mass 8 g approximately 
Mounting In any position 
Robustness of terminations 
Tensile strength 50 N 
Impact 
Free fall im 
Inflammability Uninflammable 


ELECTRICAL DATA 


Unless othervise specified, measuring according to IEC publication 539. 


Type 2322 640 90007 J. 2322640 90021 
Resistance at 
425 OC T2RSQ £ 796 12 RS £ 5,54 
490 0C TIR 4 59 1285 Q £ 3,54 
B25/g5'value 3700 Ç 3720 Ç 
Temperature coefficient —4,29/IÇ 
Maximum dissipation 0,25 VV 


Dissipation factor 
in still air 7,5 mVV/ 
in still vvater 18 mVV/IR 


TEMPERATURA — 43 


Thermal time constant in still air 2858 
Response time" 115 
Temperature gradient" " 0,02 R/R 
Operating temperature range 
at zero povver min. —25 OC 
continuousiy max. 4110 0C 
max. 24h max. Y 130 0C 
at maximum povver O to 455 0C 
Dielectric vvithstanding voltage (r.m.s.) 
betvveen terminals and capsule for 105 min. 1650 V 
605 min. 1500 V 
Insulation resistance betvveen terminals 
and capsule at 100 V (d.c.) min. 100 MS 
PACRAGING 


50 thermistors in a cardboard in box. 


s The thermistor being transferred from ambient air of 425 OC to vrater Of 1100 OC. 
ss The temperature gradient is the difference betvveen the liquid (vvater) temperature and the tempera: 
ture measured by the sensor per degree difference betvveen liquid and connector temperatures. This 
difference is caused by the heat conduction through the connectors. 


Fig. 2. 


P 72830901 


-25 0 55 90 — 110 130 
Fig. 3 Povver derating vvith ambient temperature. 


1283093 
Vgc 
(vI l 
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DU 
BS 
3 
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3 
o 
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60 


7 Typical resistance/response time characteristic. Temperature step 


1283092 


els) 


"OnsiaJDeJeyD almjeJadui83/a0ue2s1s31 jedidA LS MJE) 


40 


os Pell og os 0 os- 


f 4100 OC. 


20 


ço 


0 
from still air of 125 OC to still vvater o 


102 


Fig. 


400 


1783091 


ets) 


300 


Fig. 6. Typical resistance/time (cooling) characteristics measured 


200 


4125 OC. 


100 


Start 


in still air, T. 


NANOSCAN High Temperature Infrared Pyrometer 


The NANOSCAN HT line of portable non-contact ther- 
mometers is designed for general purpose temperature 
measurement applications vrhere high accuracy and 
precision sighting are required. 


The NANOSCAN'S poverful microprocessor based 
circuitry computes, stores, and displays important 
calculated values of temperature averages and 
differentials as vvell as maximum, minimum and current 
values. An optional analog output is available. 


The NANOSCAN'S accuracy, repeatability, long term 
stability and response time are the highest commercially 
available. 


A special softvare feature, Temperature of Ambient 
(TA), compensates for baciground temperature reflected 
off the measured surface, alloving the best possible 
absolute accuracy vith reflective targets. 


. No Scope 


DISTANCE: SENSOR TO OBJECT, (IN) 


£ 90 120 1504/180 
dada Ll ds COMMON SPECIFICATIONS 
4 sOx j4, ve Temperature Range: 20 to 2500 9F (-30 lo 140010) 
EE ges Accuraey: 4 190 reading, 4 1 digil PC or PF 
LM Tl éaitei Ropentability: 4 0.596 ol reading, 4 1 digit PC or PF 
re De ds Spectral Response: 8-14 Microns 
8 les Response Time: 250 mS 
ql'smereem qi NI Diaplay Resolutjon: 0.1 degree in AVG. 1.0 degres in TMP, MAX, MIN. DIF 
qe 20 Emiselvity: 0.10 to 1.00 in 0.01 increments. Set digitally 
Hi 100 20a, 300, 400F-, 500 Operating Ambient Range: 32 to 1202F (O to SOPC) 
DISTANCE: SEMSOR TO OBJECT, (CM) Storage Ambient Range: — 40 to 1502F (—40 to 65.C) 
Battery: Standard 9V 
Lou Battery Indication: "LO BAT" 
Out-ot-Range Indication: "8888" displayed 
VVith Scope 
DISTANCE: SENSOR TO OBJECT, (IN). 
È 68 890 Ns0 159) 100 ORDERING INFORMATION 
$) H32A-20 É 
$ idees 
qu ll Nanoscan HT, no scope $1595.00 
ss El D:S 2 60:1 3 
: en i n Pg Nanoscan HT, vith scope 1845.00 
è Geiotia Si —— 110 VAC Adaptor 28.00 
El 132 Interface Module for use vith 300.00 
8 de La 805 Data Aquisition Systems. 


DISTANCE. SENSOR TO OBJECT, (CM) Includes 3 ft. Cable, 110 
Adaptor and Case. 


Prices Subjeci io Change Mithout Notice 
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NANOSCAN Ultra High Temperature Infrared Pyrometer 
mn nau USEE RES GES SS GS SS I DS RES SS SG RSSSSSGSES SS SSGSSSSOCSS Gos 


The NANOSCAN UHT high temperature and glass models 
are portable non-contact thermometers designed for highiy 
accurate temperature measurements of very hot objects. 
The UHT model has a special filter vvhich allovvs measure- 
ment through atmosphere typically found in furnaces and 7 
the GHT is filtered to eliminate reflection problems vvith 
hot glass surfaces. 


These instruments utilize the highest quality optical com- 
ponents including precision, all glass, front coated mirrors 
vvhich provide extremely sharp focus and vvell defined op- 
tical paths. 


The NANOSCAN's povverful microprocessor based cir- 
Cuitry computes, stores and displays calculated values of 
temperature averages and differentials, as vvell as max- 
imum, minimum and current valves. An optional analog 


DISTANCE: SENSOR TO OBJECT, (IN) 


P 60 — 90 120150. 180 


e Data Storage of MAX, MIN, AVG, DIF 


El o a aa 0 180 output is available. 
i EC se) A special softvvare feature, Temperature of the Ambient 
È a EG ll (TA). compensates for baciground temperature reflected 
qua DS 4860: o the measured surface, allovving the best possible ac- 
at las curacy vvith reflective targets. 
es 4 
: 2 Sem i520m 98i gal 
El GAS I FEATURES 
5 DISTANCE: SENSOR TO OBJECT, (CM) 0 High Accuracy 
e High-Precision Optics 
R DISTANCIA: SENSOR TO SBIECT 0 e Sighting Scopes Standard 
i 

5 de an 08 DA UA e Microprocessor-Based 
qua — D:8 a 16711 

PES DE Dar e Digital Display 
8 


dl. MON TEMPERATURE e Reflected Energy Compensation Mode 


5 100 200, 300, — 400, — 500, 
8 DISTANCE: SENSOR TO OBJECT, (CM) 


COMMON SPECIFICATIONS ORDERING INFORMATION 

Temperature Rançe: 750-54002F (400 to 30002C) for H328-1 

200-3000F (100 to 16002C) for H32B-2 $ tem 
Accursey: 4 194 reading. 4 i digit PC or 2F 
Repestability: 4 0.596 ot reading, 4 1 digit SC or 9F NANOSCAN vvith Scope 
Spectral Responee: 2.2 microns nominal for H32B:1 750 to 54002F 

5.0 microns nominal tor H328-2 NANOSCAN vith Scope plus special 
Response Time: eso ms glass filter 200 to 30002F 
Otepiay Resolution: 0.1 degree in AVG. 1 O degree in TMP. MAX. MIN. DIF 
Emiseivity: 01010 1.00 in 0.01 increments Sat digitally 110V-AC Adaptor 
Operating Ambient Range: 32 to 1201F (0 to SO1C) Interface Module for use vrith data 
Storege Ambient Renge: —40 to 1502F ( - 40 to 662C) acquisition systems, data loggers and 
Battery: Standard 9V chart recorders. Includes 3-ft. cable, 
Lou Battery indication: "LO BAT" 110V-AC adaptor and case 
Out-0t-Range Indication: "8888" displayed 


Prices Subject t9 Change VVithout Notice 


AD590 
2-VVire Current Output 
Temperature Transducer 


GENERAL DESCRIPTION 


The AD590 is an integrated-circuit temperature transduc- 
et xhich produces an output current proportional to abso- 
lle temperature. The device acts as a high impedance con- 
stant current regulator, passing 1uA/"R for suppiy voltages 
bebveen t 4V and t 3OV. Laser trimming of the chip's thin 
fm resistors is used to calibrate the device to 298.2uA out: 
put al 298.2'X ( t 25'C) 

Iha AD590 should bo used In any temperaturo:sensing 
utication batvuon — 65'G and i 1A0'G (O'G and 70'G lor 
1082) in vhich convontionat oloctrical tomporaluto 80n- 
sors are currentiy employod. The inhorent loyv cost ol a 
monolithic integrated circuit combinod vith the elimination 
ot support circuitry males the AD590 an attraclive alterna- 
bve lor many lemperature measurement situations. Lingari- 
tation circuitry, precision voltage ampliliars, resistance- 
measuring circuitry and cold-junction compensation are not 
needed in applying the AD590. In the simplest application, a 
tesistor, a pover source and any vollmeter can be used to 
measure temperature. 

in addition to temperature measurement, applications in- 
dude temperature compensation or correction of discrete 
components, and-biasing proportional to absolute tempera- 
le. The AD590 is available In chip form mating it suitable 
lor hybrid circuits and fast temperature measurements in 
protected environments. 

The AD590 is particulariy useful In remote sensing appli- 
catons. The devite is insensitive to voltage drops over long 
nes due to its high-impedance current output. Any vvell-in- 
tulated bvisted pair is sullicient for operation hundreds of 
leet from the receiving circuitry. The output characteristics 
also maxe the AD590 easy to multiplex: the current can be 
smilched by a CMOS rmultiplexer or the suppiy voltage can 
be svilched by a logic gate output 


CIP 
BUOSTRATE 


Figure 1: Functional Diagram 


TEMPERATURA - 49 


DINTERSIL 


06SaV 


FEATURES 

o Linear Current Output: 1uA/'R 

e VVide Range: —55'C to t 150'C 

e Tvvo-Terminal Device: Voltage in/Current Out 

e Laser Trimmed to t0.5'C Calibration Accuracy 
(ADS90M) 

e Excellent Linearity: 4 0.5'C Over Full Range 
(A0590M) 


o VVido Povror Bupply Range: i 4V to 1 30V 
e Sensor lsolation Fron, Case 
e Lovv Cost 


ORDERING INFORMATION 


Non-Linearity Temperature 

pesen ee, l'e) dan 

130 AD590IH J —55'C to Y 150'C J.— TO:52 
AD590JHÍ —55'C to t 150'C I. TO-52 


115 


, o Figure 2: Pin Contigurations 


INTERSA S SOLE AND EXCLUSIVE VYARRANTY OBLIGATION VVITH 
IME VARRANTY SHALL BE EXCIUSIVE AHO SMALL BE IN LIEU 
MERQUNTABILITY AND FITNESS FOR A PARTICULAR USE 


MOTF 43 Nneal valves have begn Characterzeg dut 819 NOl l8sled 


RESPECT TO TMIS PRODUCT SHALL BE THAT STATED IN THE MVARRANIY ARTICLE OF THE CONDITION OF SALE 
OF ALL OTMER VVARRANTIES. EXPRESS. IMPLIEO OR STATUIORY, INCLUDING THE IMPLIED NVARRANTIES OF 


ADS590 
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AD590 SINVERSA 


ABSOLUTE MAXIMUM RATINGS (a - t 25'C unless othenvise noted) 


Forvard Voltage (V t to V-) .. . HE 44V Rated Performance Temperature Range 

Reverse Voltage (V t to V-) .......... ve —m20V TOS52 cai ii lada me Ei —55'C to t 150C 
Brealdovn Voltage (Case to Vt or V 7) .......... 4 200V Lead Temperatura (Soldering, 1088C) ........... 4 300'C 
Storage Temperature Range . ......... —65'C to t 150'C 


NOTE: Siresses above (hose listod under "Absolute Maximum Ratings " may cause permanent damage to (he devico. These are stress ratings only and Aunctorel 
operation ol Iha device at Ihese or any other conditions above Ihose Indicated in the operational sections of the specifications I8 not Implled. Exposure to absolss 
maximum raling conditlons for extended períods may alfect device retlabitity. 


SPECIFICATIONS —Typical values at TA — $ 25'C, V t — 5V unless othenvise noted) 


Output 
Nominal Output Current 8 4 125'C(298.2'R) 


Nominal Temperature Coelficient 


Calibration Error 8 4 25'C (Notes 1, 5) Y 10.0 max 


Absolute Error ( — 55'C to 4 150'C) (Note 7) 
Vvilhout External Calibration Adjustment 
Vvith External Calibration Adjustment 


Non-Linearity(Note 6) 
Repeatability (Notes 2, 6) 


Y 20.0 max 
15.8 max 


£ 10.0 max 
4 3.0 max 


i 1.5 max 


"C/month 
pA/V Hz 


Long Term Dit (Notes 3, 6) 


Current Nolse 


40 


Povver Suppiy Rejeclion: 
4 AV EV te 4 5V 
ASV EV t a 4 15V 
t ISV EV t € 4 30V 


0.5 
0.2 
0.1 


Case lsolation to Either Lead 


Eltective Shunt Capacitance 100 
20 
10 


H4to 130 


Electrical Turn-On Time (Note 1) 


I Reverse Bias Leahage Current (Note 4) 


Povver Suppiy Range 1410 430 


NOTES: 1. Ooes not include 3ell heating eltects. 

2. Maximum doviatjon botveen 4 25'C reading alter temperature cycling betveen —S55'C and 4 150'C. 
3. Conditions: Constant 4 SV, constant 4 125'C. 

4. Leaxage current doubles every t 10'C. 

5. Mechanical straln on pachage may disturb calibration ol device. 

6. Guaranteed. But not tested. 

7 


55'C Guaranteed by testing 8. t 25'C and 8. t 150'C. 


TRIMMING OUT ERRORS 


Tho ideal graph ol current versus temperature for the The circuit of Figure 8 trims both the slope and the offset 
AD590 is a straight line, but as Figure 3 shovvs, the actual This Is shovvn in Figure 7. The diagrams are exaggeraled to 
shape is slightiy dillerent. Since the sensor is limited to the shovv ellects, but it shouid be clear that these trims can be 
range ol —55'C to 4 150'C, it is possible to optimize the used to minimize errors over the vvhole range, or over any 
accuracy by trimming. Trimming also permits extracting selected part ol the range. In fact, It is possible to adjust the 
maximum performance from the lovver-cost 8en8ors. l.grade device to give less than 0.1"C error over the rançe 

The circult ol Figure 4 trims the slope ol the AD590 out. 0'C to 80'C and less than 0.05'C error from 25'C to 80C. 


put. The elfect of this Is shovvn In Figure 5. 


AD590 


se 

ACTUAL 
(OREATLY 
EXAGGERATED) 


TFG 


Figure 3: Trimming Out Errors 


Vour a ImVPR 


A a SLOPE 


0318-4 


Figure 4: Slope Trimming 


IDEAL 


L— ACTUAL 
a 
Em TRIMMEO 


Lee) 


TER 


0318-5 
Figure 5: Etfect of Slope Trim 


a) Untrimmed b) Trim One: Otfset 


0318-8 


0318-7 


Figure 7: Elfect ot Slope and Otfset Trimming 
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EINTERSIU 


Vour 9 t00mVPC 


i 


Re OFFSET 
Ra a SLOPE 


0318-86 
Figure 6: Slope and Olset Trimming 


ACCURACY 


Maximum errors over limited temperature spans, vith 
Vs- t 5V, are listed by device grade in the follovving tables. 
The tables reflect the vvorst-case linearities, vhich invariably 
occur at the extremities of the specified temperature range. 
The trimming conditions for the data in the tables are shovn 
in Figures 4 and 5. 


All errors listed in the tables are £'C. For example, il 
4 1"C maximum error is required over the 4 25'C to 4 75'C 
range (I.6., lovvest temperature of t 25"'C and span ot 50'C), 
then the trimming ol a J-grade device, using the single-trim 
circuit (Figure 4), viill result in output having the required 
accuracy over the stated range. An M-grade device vith no 
trims vvill have less 'han 4 0.9'C error, and an l-grade de- 
vice vith tvo trims (Figure 5) viill have less than 40.2'C 
error. It the requirement ls for less than £ 1.4'C maximum 
error, rom —25'C to 4 75'C (100' span from —25'C), it 
can be satisfied by an M-grade device vilh no trims, a M- 
grade device vith one trim, or an l-grade device vvith tvvo 
trims. 


c) Trim Tvvo: Slope d) Trim Three: Oltset Agaln 


0318-9 0318-10 


AD590 
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AD590 


Il GRADE — MAXIMUM ERRORS, 'C 


Temperature Lovrest Temperature in Span —'C 


SINVERSA 


Span—'C 


0 425 450 175 


" Less than 0.05C. 
J GRADE — MAXIMUM ERRORS, "C 


Temperature Lovest Temperature in Span —'C 


Span—'C 
0 125 150 t15 


t 100 


1125 


" Less than 4 0.05'C. 


AD590 


NOTES 


1. Maximum errors over all ranges are guaranteed 
based on the hnovn behavior characteristic of the 
AD590. 

2. —For one-trim accuracy specifications, the 205'C 
span ls assumed to be trimmed at 4 25'C, for all 
olher spans, it ig assumed that the device ls 
trimmed at the midpoint. 

3. — For ihe 205'C 8pan, it is assumed that the tvo-trim 
temperatures are in the vicinity of O'C and 4 140'C, 
for all other spans, the specified trims are at the 
endpoints. 

4. — In precision applicalions, the actual errors encoun- 
tered are usually dependent upon sources of error 
vhich are often overloohed in error budgets. These 
typically include: 

a. Trim error in the calibration technique used 

b. Repeatability error 

c. Long-term drift errors 
Tim error ls usually the largest error source, This error arig- 
es lrom such causes a8 poor thermal coupling betveen the 
device to be calibrated and the reterence sensor, relerence 
sensor errors, lach of adequate time for the device being 
calibrated to settle to the final temperature, radically ditfer- 
ent thermal resistances betveen the case and the sur- 
roundings (Reca) vhen trimming and vvhen applying the de- 
vi8. 


TYPICAL APPLICATIONS 


OR RE DR VR 
(- 88'C) (4 25'C) (4 1801C) 


TEMPERATURE 

MA Ma 

Figura 8: Simple connaction. Qutput ia 
proportlonal to absolute temperature. 
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Repeatability errors arise from a strain hysteresis ol the 
pachage. The magnitude of this error is solely a function ot 
the magnitude of the temperature span over vehich the de- 
vice ls used. For example, thermal shocis botvveen 0'C and 
100'C Involve extremely love hysteresis and result in repeat- 
ability errors of less than £ 0.05'C. Vvhen the thermal-shoch 
excursion ls videned to —55'C to t 150"C, the device veili 
typically exhibit a repeatability error ol 4 0.05'C (20.10 
guaranteed maximum). 


Long-term drift errors are related to the average operating 
temperature and the magnitude of the thermal shocxs expe- 
rienced by the device. Extended use of the AD5980 at tem- 
peratures above 100'C typically results in long-term drift ot 
10.03'C per month, the guaranteed maximum is £ 0.10'C 
per month. Continuous operation at temperatures belovv 
100'C induces no measurable drifts in the device. Besides 
the elfects ol operating temperature, the severity of thermal 
shocies Incurred vill also alfect absolute stability. For ther- 
mal-shoch excursions less than 100'C, the drilt is difficult to 
measure ( €0.03'C). Hovvever, for 200"C excursions, the de- 
vice may drift by as much as 40.10"'C alter tventy such 
shocis. If severe, quicie shochs are necessary in the appli- 
cation of the device, realistic simulated lite tests are recom- 
mended for a thorough evaluation of the error introduced by 
such shochs. 


(ADOMTIONAL 
BENSORS) 


LE 
014 
(POR 3 SENSORS) 


0318-14 
Figure 10: Average-temperature sensing 
scheme. The sum of the AD590 currents appears 
across R, vhich ls chosen by the formula: 

A 10EN 


n belng the number Of sensors. 
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AD590 CINTERSIL 


HLATER 
GLEMENT 


0316-18 
Figure 11: Single-setpolnt temperature controller. The AD590 produces a temperature-dependent voltage 


across R (C ls for tiltering nolse). Setting R2 produces a ecale-zero voltage. For the Celsius scale, maxe 
A 5 IX and VzERo — 0.273 volts. For Fahrenhelt, R — 1.84 and VzERO — 0.460 volts. 


RO 
OMADLA ay MALOCT 
Q 


0316 18 
Figure 12: Multiplexing sensors. If shorted sensors are possible, a serles resistor in series 


Veith the D line veill limit the current (shoven as R, above: only one ls needed). 
A eix-bit digital vvord vIill select one of 64 sensors. 


DESPLAÇAMENT I VELOCITAT — 1 


LINEAR POSITION TRANSDUCER 


m Very high temperature operation es Ruggedized 


m Stainless steel construction m Meets Mil spec requirements 
m Free shaft rotation a Oil submersible (option) 
a Negligible bacldash u Threaded shaft available 


a Voltage ratio output a Long life 


ci Re 
Ses 
BOURINS s Lovy temperature coefficient 


Model 175 


Boums' Linear Position Transducers 


Specifications 050 ais: 
Standard Ranges d279) 4 Ta iaio 
RE cntel 1.0, 2.0. 4.0, 6.0in. mM y La) Remiera resimoà 
(25.40, 50.80, 101.60, 152.40mm) OD cn) 
Standard Resistances........ 114, 2, SH, i i 
1014 ohms (4 1096) j I 
Independent Linearity .. 10.596 of range Es A40 9 La te 100-4.930. 
End Sets As 16) (5404 16) 


v....4. 52.596, 2.596 to 97.596 Of range 
Resolution .....0.0013 to 0.0047 inches 
(0.0330 to 0. 1194mm) 


028 ANYG TEPLON INSULATED LEADS 


Povver Rating 12 00: (304 BOmen) MINIMUM LENGTH 
Q 70PF... N 
EQ S00F. .0.1 vvatts/inch 

Operating Temperature Range VELLON GAEEN 
DOC E EO RTR GC -65'F to 1500F 


Insulation Resistance ...... SO megohms 
Q 50 VDC, room ambient 


BOCRIASIÓ: eeòcainatamiriaamóóómamyme Negligible RED 

Shaft Actuating Force rs 
At ambient .a.aomumiguuemanansenan 4.48 OZ 
At temperature extemes ......... 16 02. VARING DAGRAM 


Ute .... .1 million full range cycles 
Shoch .50G for 11 msecs. 
Vibration .. ....156G, 20-20,000 Hz 


Specifications are typical. Contact 
tactory for special requirements. 


For ordering information, please contact 
your local Bourms representative or 
sales office. 


Specitications are Subject to change vathout notice 
"Tetlon is a regrstered trademart ot DuPont. 
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OPTICAL INCREMENTAL ENCODERS 


es Tvo channel quadrature output a Bushing or servo mount 
m Square vvave signal a Index channel available 
a Small size 

m CMOS and TTL compatible 

a Long life 


BOURGIS m High operating speed 
Rotary Optical Encoders 


Bournss Optical Encoders 


Electrical Characteristics 


QUIDUL., iii A DNS RDA Era ins 2-bit gray code, Channel A leads Channel B by 902 (electrical) vith cloclavise rotation 
SUPpIy, VORBQO 2:22 cia cai cacora see mot PO Ras pesen area a haiateia Gpe Era ms ts £ EO) CE 5.0 VDC 40.25 VDC" 
SUBGIy CUPTEN, deia eina a tuió aço aeo nar mesa vel Pan SER SS Pers amanit Eiègl iamta 4 Ens 26 mA maximum 
Output Voltage 

Lodr QUtBUtCa i con i et dall a Ps mirant er DB EE PRE PES DEP ERS ets pe acte mira Pe ESA 0.8V maximum 

High) QUUt iii ais Desa a EAP Lali apa aacE dni coa di do a na a CEN DUES p 893 das in aa ay 4V minimum 
Output Current 

LOMi: QUIDUT. veia set ESA A da ia mana pea dieta Ac datat da atra RS DP Enq 3 8és $ dació ort 25 mA minimum 
Insulation Resistance (500 VDC). ...........44vu mana ananananmnannmnmnmnmnmnneieietets 1,000 megohms 
Risc/Fall TIMé:cises aci EE sea Cas DES E PET RGE as l'u Des EE a gres reia mà parit ve 200ns (typical) 
Shaft RPM (Ball BOaring). . . .. ............e ue cuan ia nen aaneninenamnmnenmnneeretetess 5,000 rpm maximum 
Pover Constimption: cies ies ie pedegads Cagas aigues ons PEE SAS d'a q DA EP da Fa SE AV 136 mVV maximum 
Pulse VVidth (Electricat Degrees, Each Channel). . . .. . ......... ee ee crien eaeeieeereiitecóó/óhó6mó/óó 1800 4 450 TYP. 
Pulse VVidth (Index Channel). ................voaeauaacismaniinnnenininnmnaemteeieiteette 3602 4 902 
Phase (Electrical Degrees, Channel A to Channel Et arepa, amor gres dr tants PLA a ES EO Q RES QR PES PR Ce ó 909 4 459TYP. 
Index Channel Centergd on 1-1 State Combination of A and B Channels. . . . .........4.4er eren ens 00 4 452 


"Consult factory for other voltages up to 15 VDC. 


Environmental Characteristics 


Operating Temperature Range (Standard). . .... .........0 00 cen e en era itenee teri ere teris —209C to 485:C 
VIDA On nas gels RS TOTA SAR a SS P asÓ: Lo act Ra a TA LIC DP map any OP A Date ea bi ea 5G 
Shoclea zoniaat s die seis da EES R DL E GR 2 I Reg ab up fas alia) € GA pel d'ha Ot LASE LD EA UR A dats 50G 
HUMÍCIY. eis ia AS DE es Feta RO de acom He arcs Edu EE EREL MIL-STD-202, Method 103B, Condition B 


Mechanical Characteristics 
Torque (Starting and Running) 


A 8 C Bushings (Spring Loaded for Optimum Feel). . . .. . . .... 22200000 ee era riera eres 1.5 Oz-in. maximum 
VV, S 8 T Bushings (Ball Bearing Shaft SUpport). .. .. . LV... ee ee ere ee rere e it errtteess Le. .0.1 OZ-in. MaXiMUM 
Mechanical Rotatlon. ..eviia sis siiss eertas amena mir eEga danesa vat ea ED diana Erpnt nes Dieta Continuous 
Sal End Pleyrir i oaena secs erG i de pat da OS PERI EES PO a ela a dic dra Ra ds 0.012" T.I.R. maximum 
ShattRadial PIBy.. i euro iii ss peva pep dama sem eamaa dm Eitreio na a nos EH Gat NE Ima ee ea $ 0.005" T.I.R. maximum 
Rotational Life 
A 8. C Bushings (300 rpm MAXIQUIM): 2 ranci aa Cra OE ah d'as nana Sus Data Pa ne es 10,000,000 revolutions 
VV,S 8 T Bushings (5,000 rpm maximum). ........ eu ee ee ee rec eienereieeinóómómh/méméfmómótmhóhómhóhós 200,000,000 revolutions 
No ig tceis sona ioga aaiatt DOI RQ BE aa ar Es Ed ep Dot Less d'a EL GES 5-4, Vegeta haja an patata me 0.4 02. 
T 
OUTPUT TABLE STANDARD RESOLUTIONS 
QUTPUT VOLTAGE AVAILABLE 
h ds I DmieA Full quadrat tput eyel haft 
Channel Babagom-l I I I Í I aca erra ure Output cycles per sha 
4 0V (Mn —— - I EE j 64 
Channel B S 08V (Ma)— — l I i Í Ll j L Mart 100 
index doviMny-——i Dm emeses L 128 
Channel S 
Osona o8v (Marl— — — l cam Ò 256 
Lee af For Non-Standard Resolutions-Consult 
3601 1901 Factory 
Clociorise rotaton 


Specifications are subject to change vithout notice 


PIEZOTRONICS 


vvith built-In amplifier 


. lovv profile and lightvvelght 

4 love: thermal transient sensitivity 

. rugged and stable quartz element 

- high sensitivity, lovv impedance output 


. electrically isolated mount for improved 
resolution 


For structural vibratlon measurements, especially in 
applications vvhere thermal translents may introduce 
measurement errors. 


Incorporating nevv PCB Iso-therm'X quartz elements and 
built-in microelectronic signal conditioners vvhich lover the 
output impedance, the 346A lsolatort Triaxial Accelerometer 
has been successful in applications under a vide variety of 
environmental conditions to measure acceleration in three 
mutually perpendicular axes. 

This nevv accelerometer employs a unique quartz element 
vhichis effectively isolated from strain and thermal transients. 
Similar to the single axis PCB Model 348A Isolators Acceler- 
ometer, the 346A outpdríormed a shear-mode design vehen 
subjected to a thermal shoct comparison. 


Model 346A operates from standard PCB Series 480, 482 
and 483 constant-current povver units. Models 483B07 
(12-channel) and 483B08 (6-channel) provide gain adjustment 
from O to 100. Lixe all PCB lov impedance accelerometers, 
the Model 346A drives long, standard output cables vvithout 
concern for loss of signal strength. Ground isolation maintains 
the excellent resolution and clean output characteristics, in the 
presence of electrical ground noise 


Optional Isolators single axis models: 
Series 342A, 10 and 50 mV/g 
Series 348A, 100 mV/g 


I 


Typical response vrhen subjected to a 40:F thermal shocx. 


ACCELERACIÓ — 5 


ISOLATORe TRIAXIAL 
ACCELEROMETER 
Model 346A 


SPECIFICATIONS: Model No. i 346A 
Range (for 25V output) gpR j £100 
Resolution g px I 0.002 
Sensitivity (nominal) mV/g 50 
Resonant Frequency (mounted) Hz j 210 
Frequency Range (4590) Hz l 2tot000 
Frequency Range (41099) Hz l 1to 2500 
Discharge Time Constant sec 20.3 
Amplitude Linearity o i 1.0 
Polarity (acceleration into base) i positive 
Output Impedance (nominal) ohm e100 
Output Bias (nominal) Vi l'7to TH 
Overload Recovery us : 10 
Transverse Sensitivity hp i s5 
Strain Sensltivity gMin/in 0.002 
Temperature Range 9F.— 10010 4250 
Temperature Coefficient go F i 0.03 
Temp Translent Response' g/sec i 0.8 
Vibration (max) g pR j 2500 
Shoch (max) g 1000 
Structure L iso-therm 
Size (I x vv x h), see dravving above in qx dx. 75 
Sealing hermetic — epoxy 
Case Material Ç litanium 
VVeight gm 71 
Connector, micro (3 typical) coaxial ' 10-32 
Ground Isolation"" Mohm 10 
Excitation (constant current) mA : 21020 
Voltage to Current Regulator VDC — 418t0 28 
Supplied Accessories and Softvare: Model No. 
- NBS traceable Cal Certificate over 18 certified 

frequencies in compliance vvith MIL-STD-45662A 
. 8-32 Sochet Head Cap Screvv 
- Mounting ax OB0A24 


- instruction Manual 


t VVhen the accelerometer is subjected to a thermal shoct of 
40PF for a five-second. duration. 
te VVith insulating vvashers for off grounding. 


PCB instruments are produced and calibrated under a QC 
system per MIL-Q-9858, MIL-1-45208 and MIL-STD-45662A. 
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e measures lovv-level shoch and vibration 


e operates in lovv-impedance voltage- mode 


e drives long coaxial cables 


e couples conveniently to analyzer 


e survives high shocle signals 


QUARTZ, PIEZOELECTRIC 
SEISMIC ACCELEROMETER 


vvith built-in amplifier 


Model 393C 


es 


PIEZOTRONICS 


A —— 20308 
i i Ó - (3) Holes 
e supplies ground-isolated signals N À ial Cales 
e hermetically sealed um i i 
2625 j 
Senses the vibratory motion of buildings, bridges, founda- Bol Grcle VV) 
tions and other large structures induced by operating di. 
machinery, vehicles or earth tremors an 
a— 2256 ——— ei 
Model 393C functions to'transfer the acceleration aspect of el 284) i 10:32 Thd 
shoch and vibratory motion into a lovv-impedance voltage sig- i dan a iós 
nal, compatible vvith recorders and analyzers. Modern analyzers / 
readily compute velocity or displacement if desired. Ga8 / 
È 235 / 
Itis structured vvith recessed quartz crystal elements, a Lo 
lovv-profile seismic mass and a lovv-noise MOSFET micro- i - 
electronic amplifier al i 
These structural features impart vvide amplitude and fre- ef 
quency ranges coupled vvith lovv thermal, strain and transverse 
Sa SPECIFICATIONS: Model No. 393C 
Model 393C installs vvith a central stud (10-32) or vvith a 
3-hole mounting plate (supplied) vvhich is electrically isolated Range (£ 2.5V output) g 125 
from the accelerometer case Resolution (broadband g ple-phe 0.0001 
elec. noise) g rms 0.000036 
Sensitivity (nominal) V/g 1 
Resonant Frequency Hz 3500 
Frequency Range (4590) Hz 0.025 to 800 
Frequency Range (4109) Hz 0.01 to 1200 
Discharge Time Constant s 220 
Linearity (best straight line) P FS 4 
Output Impedance ohm 100 
Output Bias V 4310 8 
Overload Recovery us 10 
Transverse Sensitivity 3 s5 
Temperature Coefficient Pl F s0.03 
Temperature Range es -100 to 4200 
ShocR (max) g 100 
3808 Vibration g PR 4100 
393€ Biirer, Pricut CEO GS GRARA IES Size (dia x height) in 2.25x2.16 
Sensor Un "not suppi-ed: VVeight gram 1000 
di ME En a i j Connector (micro) coaxial 10-32 
IX DE d—e)- CP Case material ss 
Se ds of 4 I , I i Sealing vvelded hermetic 
LE I Ground Isolation megohm 10 
Sisa OGUAIÓ a Tl Excitation (constant current) mA 2to 20 
Coaxial Cable Output Cable Voltage to Current Regulator VDC 41810 28 


Humidity sensor 


HUMITAT RELATIVA - 


2322 691 90001 


HUMIDITY SENSOR i 


QUICR REFERENCE DATA 


Humidity range 

Capacitance at 425 OC, 4396 R.H. and 100 Hz 
Sensitivity betvveen 33 and 439 R.H. 
Frequency range 


10 to 904 R.H. 

122 pF £ 159 

0,4 4 0,05 pF/9 R.H. 
1 eHz to 1 MHz 


Maximum a.c. or d.c. voltage 15V 
Storage humidity range O to 1009 R.H. 
Ambient temperature range 
Operating O to 185 OC 
Storage —25 to 485 OC 
APPLICATION 


"For humidity measurements in e.g. electronic hygrometers for domestic use, laundry dryers vvith auto- 


matic svvitch-off, self-regulating air humidifiers. 


DESCRIPTION 


1 This capacitive atmospheric humidity sensor 
consists 0f a non-conductive foil, vehich is 
covered on both sides vvith a layer of gold. The 
dielectric constant of the foil changes as a 
function of the relative humidity of the 
ambient atmosphere and, accordingly, the 
capacitance value of the sensor is a measure 
tor relative humidity. The foil is clamped 
betvveen contact springs and assembled in a 
plastic housing. It is provided vvith tvvo 
connecting pins fitting printed-vviring boards 
vvith a grid piteh of 2,54 mm, provision is also 
made for fastening vvith 3 m 1 bolts. The 
characteristics are not affected by an incidental 
condensation of vvater on the sensor foil. It 
should not be exposed to acetone vapour. 


vem 155405 —j 


En 
3 
i ji 

sa el 16 màx 
i an 
—n 15,08 12— 

H RE 
un y 
205 50105 

i 4 

sl les 
320.1 


Fig. 1. Dimensions in mm. 
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MECHANICAL DATA 


Outlines 

See Fig. 1. 

Martcing PHILIPS H1 

Mass 1,3 g approximately 
Mounting 


The item can be soldered directiy onto a printed-vviring board or can be fastened vvith 3 mm bolts. 


Soldering 
Solderability max. 240 OC, max. 45 
Resistance to heat max. 240 OC, max. 45 


Robustness of terminations 


Tensile strength 10N 

Impect 

Free fall im 
Inflammability uninflammable 


ELECTRICAL DATA 


Humidity range 10 to 9096 R.H. 

Capacitance at 125 OC. 4396 R.H., 100 Hz 122 pF £ 1590 

Tan 8 at 125 OC and 100 RHz c 3,59 

Sensitivity betvveen 33 and 439 R.H. 0,4 4 0,05 pF/4 R.H 
4 Frequency range 1 RHzto 1 MHz 

Temperature dependence 0,196 R.H./R 


Response time (to 9096 of indicated R.H. 
change at 425 OC, in circulating air) 


É betvveen 10 and 4396 R.H. 3 min 
betvveen 43 and 906 R.H. c 5 min. 
Hysteresis (for R.H. excursion of 10 to 90 to 109) 396 approximately 
Maximum a.c. or d.c. voltage 15 V 
Storage humidity range O to 10096 R.H. 
Ambient temperature range 
Operating O to 185 OC 
Storage —25 to 185 0C 
150 2283141 
c 
(pF) 
140 
130 
12014 
m0 


Fig. 2 Typical capacitance/relative humidity characteristic. 


QUALITY LEVEL 
Sampling and data evaluation for quality level according to MIL-STD-105D. 


A.Q.L. 0,2596 — Inoperatives 
A.Q.L. 196 — Electrical 
A.Q.L. 1,596 — Mechanical 


PACRAGING 
500 pieces per bOx 


CAMP MAGNÈTIC - 1 


MAGNETIC FIELD SENSOR 
RMZ10C 


The RMZ10C is a magnetic field sensor employing the magneto-resistive effect of thin film permalloy. 
Its properties enable this sensor to be used in a vvide range of applications for current and field 
measurement, revolution counters, angular or linear position measurement and proximity detectors, etc. 


QUICI REFERENCE DATA 


Operating voltage VB zm 5vV 
Operating range Hy - 47.5 xA/m 
Auxiliary field Hx - 3.0 xA/m 
AS 5 V/V 
Sensit És mV/V 
sitivity S 15 RA/m 
Offset voltage Voff Q 41.5 mV/V 
Bridge resistance Rbridge 3 1010 18 RQ 
MECHANICAL AND ELECTRICAL DATA Dimensions in mm 
2294000 
I 
l 
I 
I 
I 
I Hy 
I 
1) Hx 
3 
do JLoms Las 
125 9,60 a 
3x 12961211 
Fig. 1 SOT 195. 


(1) Terminal dimensions uncontrolled vvithin this area. 


RATINGS 
Limiting values in accordance vvith the Absolute Maximum System(lEC 134) 
Operating voltage Vg max. 10 V 
Total povver dissipation 

up to Tamb " 132 9C Ptot max. 100 mVV 
Storage temperature range Tstg —65 to t 150 OC 
Operating bridge temperature range Tbridge —4Q to 4 150 OC 


THERMAL RESISTANCE 
From junction to ambient Rehj.a s 180 RV 


CHARACTERISTICS 
Tamb 5 25 OC and H, — 3 RA/mí1) unless othervise specified 


Operating voltage VB z 5V 

Operating range of magnetic field Hy si 1475 RA/m 
mV/V 

Open circuit sensitivity S 1to2 —— 


xXA/m 


Temperature coefficient of output voltage 
Vg - constant, Tj s —25 to 4 125 OC 
lg — constant, Tj s —25 to 4 125 OC 


Bridge resistance 


Temperature coefficient of bridge 
resistance at Tj - —25 to t 125 OC 


Offset voltage 


Temperature coefficient of offset 
voltage at Thridge " —25 to t 125 OC 


Linearity deviation of output voltage at 
Hy 7 Oto £ 3.75 Am" 
Hy SO to t 6.0 xAm'" 
Hy s Otot 75 Am" 


Hysteresis of output voltage 
Opereting frequency 


Note 
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TCVg tvp. 05 JR 
VCVg yp. 0.15 9/C 
Rbr 1010 18 RA 
TCRpr typ. 0.35 QR 
Voff qo 115 mVIV 
TCVorf a q UVIV 
R 

FL do o 1089: F5 
FL do 1249eFS 
FL do t214eFS 
VoH Es 0.5 Xe FS 
fman é 1 MHz 


1. In applications vvith Hx Ç 3 RA/m the sensor has to be reset before first 
operation by application of an auxiliary field Hg 33 hA/m. 


i 7201986 
Ha 
(cA/m) 
10 
S. ples 
BS NA TI EL 
o 4 5 


Hg (XA/m) 


Fig. 2 Safe Operating Area (permissible 
disturbing field Hg as a component 

of auxiliary field H, ). 

Note: In application vvith H, 

L 3 RA/m, the sensor has to be reset 
after leaving the SOAR, by an auxiliary 
field of H, € 3 XA/m. 


7281989 
T 


ii 
l 


E 4 
8, 0 4 Hy ram 8 


Fig. 4. Sensor output characteristic 
Hx 3 3 RA/m Tamb — 25 OC Voff -0. 


1294014 


Si) 


S(JxA/m) 


DC i el) ES amat 
i i 


olles dE he i ES i, SE ES de 
0 1 5 4 $ 
Hg IXA/mb 


Fig. 3 Relative sensitivity (ratio of 
sensitivity at certain H, and 
sensitivity at H, 5 3 RA/m. 

Note: In application vvith H, 

S 3 RA/m the sensor has to be reset 
by an auxiliary field of H, € 3 XA/m 
before using. 


7281992 


150 T I 


Piot max 


(9) 


100 H 


so 


o 50 100 150 
Tamp CC) 


Fig. 5 Povver derating curve. 


LIGHT DEPENDENT RESISTORS 


GENERAL 


Light dependent resistors (LDRs) are made from cadmii 
electrons vehen not illuminated. Its resistance is then 
liberated and the conductivity of the material incri 
conductor. The approximate relationship betvveen 


um sulphide containing no or very fevv free 
quite high. V/hen it absorbs light, electrons are 
e8ses. Cadmium sulphide is therefore a photo- 
the resistance and illumination is: 
RA.La 

vhere: R s resistance in Q 

L 2 illumination in lux 

A and a are constants, 
The value of a depends on the cadmium sulphide used ani 


around 0,7 to 0,9 are quite common. The relationshi 
shovvn in the graph on the next page. 


d on the manufacturing process. Values 
p betvveen the resistance and the illumination is 
SPECTRAL RESPONSE 


The resistors are only light dependent over a limited range of vvavelengths. LDRs have their maximum 
response at about 680 nm. 


TEMPERATURE DEPENDENCY 
Electrons can be excited not only by photons but also by thermal agitation. The dart resistance is 

therefore not infinite at normal temperatures. It increases Vvith the ambient temperature and can be 
decreased by cooling the device. 


The temperature can also affect the resistance under illumination. At practical illumination levels and 
normal ambient temperatures the temperature coeficient is, hovvever, very small and can be neglected, 


RECOVERY RATE 


Vyhen an LDR is brought from a certain illumination level into total darieness, the resistance does not 
increase immediately to the daric value. The recovery rate is specified in XS2/s and for current LDR 
types it is more than 200 XS2/s (during the first 20 seconds starting at a light level of 1,000 lux). 

The recovery rate is much greater in the 


reverse direction, e.g. going from dartcness to an illumination 
level of 300 lux, it tales less than 10 ms 


LLUM - 34 


1210241 


10 10: 102 Eix) 106 


to reach a resistance vrhich corresponds vvith a light level of Resistance as a function of illumination. 
400 lux. 
SURVEY 
ini maximum ambient 
Das light dissipation temperature ous 
resistance resistance at 40 OC range number 
2322 800 83001 
19) 
hi a pera Era 9) 0,1 VV —30 to 4 80 0C ea a SP 
10 MQ 75to 300 Q 232: 
1 
iva mx Bon 2372 BO 83003 
Ra mar 10 0,2 —20 to 1800C 2372 800 95006 
Ne cd PA 800 95009 
IOMA 150 to 300 A 
Recovery rate min. 200 RS./s 
DESCRIPTION 


Disc shaped resistors made of cadmium sulphide. They are sealed and have tvvo solid tinned copper 


vvires. 


APPLICATION 


LDRs are intended for non-critical on/off applications, in vvhich a lamp or a relay is operated either 


directiy (love povver) or via a suitable amplifier (high povver) e.g. in toys. 
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QUICX REFERENCE DATA LDRS 

Daric resistance Rp 2322 600 93001 X 10MQ 
2322 600 93002 XI MQ 

Light resistance RL, 2322 600 93001 75 to 300 Q 
2322 600 93002 cu080 

Recovery rate XY: 200 RS/8 

Maximum dissipation at 40 OC 0,1 VV 

Ambient temperature range —30 to Y 600C 


MECHANICAL DATA 
Outline dravving 


610.3 
a 12,210,3 mja—— 3343 —e) el - 
l a LI 
n 
es— 
I: 
Martcing 108203 75208 
None l EEeEae Ei, 
Mass sismes 1210246 
0,75 g approximately 
Mounting 
In any position by soldering the leads at least 10 mm from the body. 
Robustness of terminations 
Tensile strength SN 
Bending 25N 
Soldering 
Solderability max. 240 OC, max. 4 $ 
Resistance to heat max. 265 OC, max. 115 
ELECTRICAL DATA 
Dari resistance Rp 2322 600 93001 min, 10 MS2 
2322 600 93002 min 1. MQ 
Light resistance Ri, 2322 600 93001 7510 3009 
2322 600 93002 max, 110 Q 
Recovery rate min. 200 RS2/s 
Dissipation at 40 OC max. 0,1 VV 
Capacitance at 1000 Hz max. 8 pfF 
Repetitive pealc voltage not exceeding max. dissipation max. 150 V 
Dielectric vvithstanding peal voltage betvveen 
terminals and body min, 200 V 
Dielectric d.c. test voltage betvveen terminals 
for 1 sin total dariness 200 V 
Operating ambient temperature range —3O to 1 80 0C 
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Permissible dissipation as a function of ambient temperature. 
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